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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a scanning optical 
system which has a large scanning angle, can form a 
light beam performing uniform motion, can attain 
telecentric characteristic, and whose image formation 
performance is high. 

if^ht nliS'^i ^^^^S^'u ^yste'" having a 

light deflector 3 which has operation for deflecting light 
along one scanning direction on a scanning object 
surface 5 and an optical member 4 which is arranged 
between the deflector 3 and the surface 5, by which a 
pup.l surface 20 is nearly aligned with the deflector 3 
and an image surface is nearly aligned with the surface 
5: the member 4 includes at least one reflection surface 
12 giving positive power to a luminous flux, and the 
whl^h hi ^" irrotational symmetric surface 

which has operation for correcting eccentric aberration 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1] The reflector is scan optical system characterized by being formed in nonrotation 
plane of symmetry which has a symmetry axis of rotation inversion neither of a field inner 
surface with an operation which amends eccentric aberration outside including at least one 
reflector which is characterized by providing the following and where said optical member gives 
positive power to the flux of light in scan optical system. A light deflector with an operation 
which deflects light along one scanning direction on a field for a scan at least An optical member 
which made said field for a scan carry out abbreviation coincidence of the image surface while 
being arranged between said light deflector and said field for a scan and making said light 
deflector carry out abbreviation coincidence of the pupil surface 

[Claim 2] It has the following. One [ at least ] field of said reflector and said transparency side A 
light deflector with an operation which deflects light along one scanning direction on a field for a 
scan at least characterized by being formed in nonrotation plane of symmetry which has a 
symmetry axis of rotation inversion neither of a field inner surface with an operation which 
amends eccentric aberration outside, Scan optical system with an optical member which made 
said field for a scan carry out abbreviation coincidence of the image surface while being arranged 
between said light deflector and said field for a scan and making said light deflector carry out 
abbreviation coincidence of the pupil surface. For a refractive index (n), said optical member is 
[ said prism member ] a reflector with an operation in which the flux of light in prism Is reflected 
at least including a prism member in which it was formed by larger (n> 1) medium than 1. A 
transparency side which had incidence or the operation to inject for the flux of light in prism at 
least 

[Claim 3] In scan optical system characterized by providing the following said optical member A 
refractive index (n) inserted into at least three fields with an echo or an optical operation of 
transparency and three fields of those contains a prism member which has a larger (n> 1) 
medium than 1 . While being formed in a reflector in which at least one field had the operation 
which reflects the flux of light in prism in said three fields Combine reflex action and a 
transparency operation and ** Is also constituted like so that a clinch optical path to which a 
field by which opposite arrangement is carried out on both sides of said reflector and medium 
had the operation which folds up an optical path between said reflectors may be formed. 
Furthermore, it is the scan optical system characterized by forming inside of said three fields, 
and the 1 st [ at least ] page in nonrotation plane of symmetry which has a symmetry axis of 
rotation inversion neither of a field inner surface with an operation which amends eccentric 
aberration outside. A light deflector with an operation which deflects light along one scanning 
direction on a field for a scan at least An optical member which made said field for a scan carry 
out abbreviation coincidence of the Image surface while being arranged between said light 
deflector and said field for a scan and making said light deflector carry out abbreviation 
coincidence of the pupil surface 


[Translation done.] 
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* NOTICES ♦ 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the scan 
optical equipment and the image display device using the scan optical system which deflects 
light with deflecting system, and it about scan optical system. 
[0002] 

[Description of the Prior Art] There is a thing of patent No. 2,604,513 as one of what [ the ] has 
the **♦* former of scan optical system. This scan optical system makes the light beam from the 
light source condense only in the direction of vertical scanning in the 1 st image formation optical 
system, and deflects a light beam with deflecting system, and a tele cent rucksack is made to 
irradiate a scan-layer-ed top to it according to the 2nd Image formation optical system 
constituted by the before side lens group near the deflecting system, and the backside lens 
group near the scan layer-ed. 

[0003] Moreover, the thing of JP,9-127410,A is one of those have everything [ **** ] but scan 
optical system. This scan optical system consists of three groups, and it is constituted by the 
lens which has the toroidal side where the meniscus lens and the 2nd group in which the 1 st 
group has a deformation toroidal side have a positive lens, and the 3rd group has the length of 
the swath width of an abbreviation scan layer. 

[0004] Moreover, the thing of these people s JP,7-218849,A is one of those have the **** 
former of the image display device which carries out the deflection scan of the light and is 
projected on an observer's eyeball. This image display device deflects the light injected from the 
light emitting device of a one dimensional array with deflecting system, and projects it on an 
observer's eyeball. 

[0005] Moreover, the thing of JP,4"168475,A and U.S. Pat. No. 5,003,300 is shown in the image 
display device which carries out the deflection scan of the other light, and is projected on an 
observer's eyeball. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in patent No. 2,604,513 and JP,9-127410,A, 
three or more sheets are used as an optical element which constitutes optical system. 
Therefore, since there are many optical elements, the process of assembly becomes complicated 
and becomes the high thing of cost. Furthermore, since the very big lens is arranged just before 
a scan layer, the whole optical system will become big. 

[0007] Moreover, in the image display device indicated by above-mentioned JP,7-218849,A, 
JP,4-168475,A, and U.S. Pat. No. 5,003,300, there is description only with the optical system 
which has the operation which carries out image formation of the light beam in a scan layer, and 
the concrete feature in scan optical system is not indicated. 

[0008] This invention is made in view of such a condition of the conventional technology. The 
object The scan characteristic which has a very large scan angle though the scan optical system 
constituted by one optical element is used, and is decided by the property of the deflecting 
system which is the feature of scan optical system is amended good, Namely, it is possible to 
form the light beam which is not concerned with the class of deflecting system but carries out 
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uniform motion on a scan layer. Moreover, it is also possible to attain tele cent rucksack nature 
required for highly precise drawing, and it is having the above-mentioned property not only in a 
1 -dimensional scan but in a two-dimensional scan field, and offering the high scan optical system 
of the image formation engine performance further. 
[0009] 

[Means for Solving the Problem] Scan optical system of this invention for attaining the above- 
mentioned object A light deflector with an operation which deflects light along one scanning 
direction on a field for a scan at least. In scan optical system with an optical member which 
made said field for a scan carry out abbreviation coincidence of the image surface while being 
arranged between said light deflector and said field for a scan and making said light deflector 
carry out abbreviation coincidence of the pupil surface Said optical member is characterized by 
forming the reflector including at least one reflector which gives positive power to the flux of 
light in nonrotation plane of symmetry which has a symmetry axis of rotation inversion neither of 
a field inner surface with an operation to which eccentric aberration is amended outside. 
[0010] A light deflector in which another scan optical system of this Invention had the operation 
which deflects light along one scanning direction on a field for a scan at least, In scan optical 
system with an optical member which made said field for a scan carry out abbreviation 
coincidence of the image surface while being arranged between said light deflector and said field 
for a scan and making said light deflector carry out abbreviation coincidence of the pupil surface 
Said optical member contains a prism member in which a refractive index (n) was formed by 
larger (n> 1) medium than 1 Said prism member It has a reflector with an operation which 
reflects the flux of light in prism at least, and a transparency side which had incidence or the 
operation to inject for the flux of light in prism at least. One [ at least ] field of said reflector and 
said transparency side is characterized by being formed in nonrotation plane of symmetry which 
has a symmetry axis of rotation inversion neither of a field inner surface with an operation which 
amends eccentric aberration outside. 

[001 1] A light deflector with an operation of this invention which another scan optical system 
makes deflect light along one scanning direction on a field for a scan at least further. In scan 
optical system with an optical member which made said field for a scan carry out abbreviation 
coincidence of the image surface while being arranged between said light deflector and said field 
for a scan and making said light deflector carry out abbreviation coincidence of the pupil surface 
A refractive index (n) inserted into at least three fields in which said optical member had an echo 
or an optical operation of transparency, and three fields of those contains a prism member which 
has a larger (n> 1) medium than 1. While being formed in a reflector in which at least one field 
had the operation which reflects the flux of light in prism in said three fields Combine reflex 
action and a transparency operation and ** is also constituted like so that a clinch optical path 
to which a field by which opposite arrangement is carried out on both sides of said reflector and 
medium had the operation which folds up an optical path between said reflectors may be formed. 
Furthermore, the 1st [ at least ] page is characterized by being formed in nonrotation plane of 
symmetry which has a symmetry axis of rotation inversion neither of a field inner surface with an 
operation which amends eccentric aberration outside in said three fields. 

[0012] A reason and an operation which take the above configurations in this invention below are 
explained. Scan optical system of this invention is illustrated to drawing 1 . drawing 1 — setting 
~ a scan — an optical element ~ four — an optical axis — 21 — receiving ~ eccentricity — 
carrying out ~ **** — a postscript — carrying out — (— a ~) — a formula — giving a 
definition ~ having ~ nonrotation — being symmetrical — the aspheric surface — it is — a 
free sculptured surface — fi-om ~ becoming — the 2nd pages of the 1st pages of 12 and space 
which consists of 13 the 3rd page and is constituted by these 3 page 1 1-13 are 1 1 and the 
eccentric prism with a larger 

[0013] By collimator 2, light which injected a actual beam-of-light path fi-om the light source 1 
turns into abbreviation parallel light, and carries out incidence to deflecting system 3. In the case 
of drawing 1 , it is the polygon scanner which is the revolution polyhedron which is carrying out 
constant-angular-velocity motion, and a deflection scan is carried out by the reflector to rotate, 
the 1 st page of deflecting system 3 is refi-acted by 1 1 , and it carries out incidence of the 
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ca^leTo'S'^^^^^^^^^^ o^the 2nd page of the ,i.ht which 

- 3rd page after the internal Vflectio^^^^^^^^^ ".'if''"'' '"^^^^^^d ^^e 

5. condenses and is scanned "'^'^^"t ^' °" ^ ^^^n layer 

pupil 20 center injects a pup, 20 sets ?he Z^axl . Th ?f " '^y^-" ^ through entrance 

defined by straight line unXe 1st page interse^^^^^ ^ 
Z-axis. and constitutes the scan optfcaTe en^enr4 h ' v *^ Perpendicularly with this 

is set as a shaft which intersects pe^pttula^y wit^^^^^^ 'oT" ^"^'^'^ 

perpendicularly with a Y-axis P^'^P^"^'°"'arly with an optical axis 21. and intersects 

S riSc^re'^^^^^^^^^^^^ ^-^^ --pared 

uses the wholeC'pment as a^Z^^^^^ v"'' ^^^^P*''^^' ^^'t^-- ^^d 

positive power at leasT Moreove ° e^^^^^ "^^^^ "^'"S ^ --^fl^^t^r which has 

nonrotation plane of symmetrwhicrorevT t [ I'''' ^'"r ''^^ ''^ considering as 

layer and has a syLX axis oTro^^^^^^^^^ 'nterference of deflecting system and a scan 

^-^-^ car^in^g out'ereXStrofr XcTor tT^oXll'^lt '""^^ ^^^^^ 

l^nd V^^^^^^^^ with~^^^^^ , ,3s co.pos.ion 

comatic aberration and a cLatur^ «f fif IH ^'^^'■•■a*'°" generated in the spherical surface, 
surface for a field to constitute rriol^ T'''^^* °^ ''^ ^^e aspheric 

it becomes possible ^riefsen the n^^^^^^^^^ ^enerate6 in this lens system is lessened, and 

aberration amendment in the aspherTsurf^^ to constitute. This is because the effect of 

?2 i?-V ri^oS "-^-f -tern of this invention - 

eccentricity which can^t bTamTnd«H^^^^^ ""^"''^"^ eccentricity, aberration by 

and good, a free sculptured sSe or In anam Joh^ eccentricity simultaneous 

nonrotation is being used for it anamorph.c side which ,s a field symmetrical with 

Se frwL^g?o!:n^U^^^^^^^^ invention is defined by 

surface ''^ definition type turns into a shaft of a free sculptured 

turns into a Y-Z s de (field of dr^r,Sn! i T ^^^'^^^^f with the above-mentioned formula (a) 
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CI 5, CI 8, C20, C22, C24, C26, C28, C31, C33, C35 and C37, and ... to 0. 

[0021] Moreover, it becomes a X-Z side and the free sculptured surface where only one parallel 
plane of symmetry exists by setting all of the oddth term of y to 0. In the above-mentioned 
definition type (a), are possible by setting a coefficient of each term of C3, C6, C8, CIO. CI 3, 
CI 5, CI 7, CI 9. C21, C24, C26, C28, CSO, C32. C34 and C36, and ... to 0. For example, again It 
becomes possible by having the above plane of symmetry to improve fabrication nature. 
[0022] a revolution generated with eccentricity by making either of the plane of symmetry 
parallel to the above-mentioned Y-Z side, and parallel plane of symmetry and a X-Z side into 
plane of symmetry — it becomes possible to amend unsymmetrical aberration effectively. It 
cannot be overemphasized that the above-mentioned definition type is shown as one example, 
and the same effect is acquired to any of other definition types. 

[0023] Moreover, an anamorphic side used in scan optical system of this invention is defined by 
the following formulas. The Z-axis of the definition type turns into a shaft of an anamorphic side. 

Z= (CX • x» +CY • yM / [1+ {1 - (l+Kx ) CX' • 

- (1+K, ) CY* • ) ] 
+ 2 R. { (1~P. ) x» + <1+P. ) yM • • • • (b) 

However, for the amount of gaps from a tangential plane to a zero of a field configuration, and 
CX, X shaft-orientations curvature and CY are [ Z ] Y shaft-orientations curvature and Kx. X 
shaft-orientations constant of the cone and Ky Y shaft-orientations constant of the cone and 
Rn are an aspheric surface term symmetry-of-revolution component and Pn. It is an aspheric 
surface term revolution unsymmetrical component. 

[0024] If n= 4 (4th term) is considered as an example Z=(CX and x2+CY-y2)/[1+{1-(1+Kx) CX2 
and x2 -(1+Ky) CY2, and y2} 1/2] 

+ R1 {(1-P1) x2+(1+P1) y2} 2 +R2l(1-P2) x2+(l+P2) y2} 3 +R3{(1-P3) x2+(1+P3) y2} 4 +R4{(1-P4) 
x2+(1+P4)y2}5 ...(c) 

In addition, with a configuration parameter of an example which carries out a postscript, it is Rx. : 
X shaft-orientations radius of curvature Ry : Y shaft-orientations radius of curvature is used, 
and it has a relation of Rx =1/CX and Ry =1/CY among curvatures CX and CY. 
[0025] Since space in which the scan optical element 4 of this invention was formed by the 2nd 
[ at least ] page (it sets for an example shown in drawing 1 , and is the 3rd page) is filled with an 
optical medium with a larger (for example, 1 .5) refractive index than 1 , in case incidence of the 
1st page of the light injected from an entrance pupil 20 is carried out to the scan optical element 
4 from 1 1, it is refracted according to a Snell's law. Therefore, since the 1st page of light 
injected at a certain angle is refracted in 1 1 and incidence is carried out to the scan optical 
element 4, it becomes possible [ a thing which have the positive power with main optical system 
and for which the 2nd page of 12 or the beam-of-light high which carries out incidence to 13 the 
3rd page is set up low ]. Therefore, big numerical aperture (NA) is realizable for constituting 
optical system in a compact, and coincidence. 
[0026] Below, work of each side is explained. 

(Plane of incidence) In scan optical system of this invention, a thing which is a transparency side 
and for which 1 1 [ page / 1 st ] is made into a convex to an entrance pupil 20 is important, 
eccentric prism whose beam of light injected from the entrance pupil 20 which is the reflective 
location of the polygon mirror 3 is the scan optical element 4 — incidence of the 1 st page is 
refracted and carried out to 11 . It can stop low the beam-of-light high this high shaft outdoor 
daylight line that will have positive power if 1 1 [ page / 1st ] is a convex, and was injected with a 
big field angle from an entrance pupil 20 is a reflector and which carries out incidence to 1 2 the 
2nd page. Therefore, while securing a large field angle, small lightweight optical system is 
realizable. Furthermore, a subordination beam of light in the flux of light on an optical axis or 
which the flux of light of an axial outdoor daylight bunch will stop low the 2nd page of the beam- 
of-light high in 12 similarly, and an effect which amends comatic aberration generated in the 
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reflector 1 2 which carried out eccentricity to an optical axis good produces it. 
[0027] (Reflector) it can set having the main positive power in scan optical system of this 
Invention to drawing 1 (example 1) which has an operation of a concave mirror — the 2nd page 
can be set to 12 or drawing 4 (example 4) — the 3rd page is 13. Whether eccentricity is carried 
out to a shaft top chief ray, and since this field inclines and is arranged, comatic aberration 
generates It on a shaft. Moreover, aberration, such as astigmatism by eccentricity and distortion, 
is generated similarly. It becomes possible to be set up appropriately and to amend asymmetry 
within a Y-Z side by considering as the aspheric surface which carried out eccentricity of 1 2 
[ page / 2nd ], or considering as the nonrotation symmetry aspheric surface which carried out 
eccentricity to comatic aberration by eccentricity. Moreover, it becomes possible to change 
appropriately power within a X-Z side which is a field which intersects perpendicularly with 
power and a Y-Z side within a Y-Z side, and to amend it by considering as the aspheric surface 
symmetrical with nonrotation, for amendment of the astigmatic difference generated also on a 
shaft. Furthermore, distortion by eccentricity becomes possible [ the 3rd page of an inclination 
of a field being appropriately set up according to a difference beam-of^light high / in 1 3 /, and 
amending ] by setting a reflector as the above-mentioned free sculptured surface (free 
sculptured surface symmetrical with nonrotation which neither of specifically has a symmetry 
axis of rotation inversion a field inner surface outside). 

[0028] (Injection side) Generating of comatic aberration by eccentricity can be suppressed again 
by constituting 12 [ page / 2nd ] from a fi-ee sculptured surface (free sculptured surface 
symmetrical with nonrotation which neither of specifically has a symmetry axis of rotation 
inversion a field inner surface outside). When the 1 st page of a beam of light carries out a 
refraction operation by 1 1, this Is inclining and arranging a field to a shaft top chief ray, and is 
because it becomes possible to amend comatic aberration by eccentricity. Furthermore, in this 
Invention, 12 [ page / 2nd ] ( drawing 4 ) is also a field facing a scan layer 5. Generating of image 
distortion can be amended by [ which is a refracting Interface close to a scan layer 5 ] making 
1 2 [ page / 2nd ] into a free sculptured surface. Since a refracting interface approaches a scan 
layer 5 and is arranged, this is for giving a result good for amending image distortion, without 
worsening other aberration. 

[0029] Another scan optical system of this Invention Is shown in drawing 4 . However, in drawing 
4 , a graphic display of a polygon mirror which is the deflecting system 3 arranged at about 20 
entrance pupil of the scan optical element 4, and the 1 collimator light source 2 ( drawing 1 ) is 
excluded, and only the scan layer 5 which are the scan optical element 4 and its image surface Is 
illustrated. 

[0030] In drawing 4 , space of the scan optical element 4 which is the field which is a field as for 
which light injected from the light source 1 carries out incidence, and which has the 1st page of 

1 1, and its reflex action which countered 1 1 1st page and transparency operation, which is 12 
and a reflector the 2nd page and which is constituted by 13 [ page / 3rd ] and be constituted by 
these 3 page 11-13 is the eccentric prism with a larger refractive index which it comes to fill 
with a transparent medium optically than 1 . a configuration of each field which constitutes the 
scan optical element 4 in drawing 4 — the 1st — page 1 1 and the 2nd ~ page 12 and the 3rd - 
- page 13 ~ a revolution expressed with both the aforementioned (a) formulas — it Is the free 
sculptured surface which Is the unsymmetrical aspheric surface. 

[0031] light from an entrance pupil 20 of a actual beam-of-light path Is the plane of Incidence of 
the scan optical element 4 — incidence of the 1st page is carried out from 11, and internal 
reflection of the 2nd page is carried out by 12. Under the present circumstances, angle of 
reflection in the field St which scan light injects Is set up so that it may become beyond a 
critical angle, and it will carry out total reflection in the field St of 12 the 2nd page. On the other 
hand, in the portion Co which scan light does not inject, since light reflected by angle of 
reflection smaller than a critical angle also exists, coating with high reflection factors, such as 
aluminum, is performed to the fr-ont face. After carrying out internal reflection of the 2nd page by 

12, It is reflected by the 3rd page in 13. and the 2nd page is again refracted in 12, It injects from 
the scan optical system 4, and a scan layer 5 is scanned. 

[0032] moreover, scan optical system of this invention Is shown in the after-mentioned example 
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4 ~ as a tele cent — a rucksack scan is possible. Therefore, when it uses as objects for 
writing, such as a laser beam printer, for example, even if a scan location changes with the 
oscillations of a photoconductor drum which is a scan layer, location fluctuation of a scan spot is 
abbreviation zero, and high definition description is possible for it. Moreover, when capturing an 
image on a scan layer, even if a gap of the direction of an optical axis is between an image to 
capture and scan optical system similarly, location fluctuation of a scan spot serves as 
abbreviation zero, and that of incorporation of a high definition image is possible. 
[0033] In that case, when a chief ray inclination of deflection light to a normal of a scan layer is 
set to gamma gamma<=5 degrees ... (1-1), 

When fulfilling becoming conditions performs high definition writing, it is important. If the chief ray 
inclination gamma of deflection light becomes large exceeding 5 degrees of the above-mentioned 
conditions, location fluctuation of a scan spot which happens by gap of the direction of an 
optical axis of a scan layer will become large, and high definition image drawing will become 
difficult. 

[0034] Further gamma<=2 degrees ... (1-2) 
It is desirable to fulfill becoming conditions. 
[0035] To moreover, a pan gamma<=1 degree ... (1-3) 
It is more desirable to fulfill becoming conditions. 

[0036] by the way, the 2nd which is the injection side of the scan optical element 4 in the case 
of the examples 4 and 5 ( drawing 4 , drawing 5 ) which carry out a postscript — page 1 2 It has 
reflex action which carries out internal reflection of the light injected from the light source to 3rd 
page 1 3 side, and a transparency operation injected to a scan layer 5 after the 3rd page reflects 
by 13. In the Co section shown in drawing 4 , since a transparency field and a reflective field do 
not lap, reflective coating may be given. Therefore, it is unnecessary in conditions to angle of 
reflection of light in the field Co. However, in the St section of drawing 4 , since a transparency 
field and reflective fields overlap, reflective coating cannot be given. Therefore, since internal 
reflection in a field to which this transparency field and reflective flelds overlap needs to 
consider as total reflection, as for angle of reflection, beyond a critical angle is needed. 
[0037] That is, when a refractive index of a medium of theta and optical system is set to n for 
angle of reflection of light in the St section Theta>=sin -1 (1/n) ... (2), 
It becomes important to ftjifill becoming conditions. 

[0038] By setting up as mentioned above, a thing of a field where an internal reflection side [ in / 
in a beam of light injected from the light source / the scan optical element 4 ] and a injection 
side injected from the scan optical element 4 are the same for which the 2nd page is constituted 
from 12 acts effective in a miniaturization of scan optical system, low-cost-izing, and formation 
of an extensive field angle. Since a reflector to reflect and a injection side injected from the scan 
optical element 4 are constituted from the 1st page after a beam of light injected from the light 
source carries out incidence to the scan optical element 4, an operation in two fields will be 
performed by the 1 st page. Therefore, it is possible for the number of pages which constitutes 
optical system to be reduced, and to make a manufacturing cost low. 

[0039] Furthermore, by performing the 2nd page of an echo and injection simultaneously by 12, a 
large field angle is attained and it becomes possible to amend aberration by eccentricity 
effectively. The more an incident angle of a beam of light which carries out incidence to a 
concave mirror generally becomes large, the more comatic aberration by eccentricity occurs 
greatly. It is seldom necessary to enlarge an angle which is the reflector which is the 1st time 
since it becomes unnecessary to separate a reflector and a injection side, which are 1 2 and the 
2nd reflector the 2nd page and which 13 [ page / 3rd ] makes, and with constituting a reflector 
and a injection side from the 1st page, the 2nd page, since 12 is also a injection side, it can 
approach 13 the 3rd page and can be arranged. Therefore, enlarging the 3rd page of angle of 
reflection of 13 not much is lost, and it becomes possible to reduce generating of eccentric 
aberration in 13, especially comatic aberration the 3rd page. 

[0040] Moreover, as for 12, it is desirable that it is a concave surface to a scan layer 5 the 2nd 
page. Light injected from an entrance pupil 20 needs to carry out the 2nd page of total reflection 
in a part of 12. If the 2nd page of a configuration of 12 Is a concave surface to a scan layer 5, 
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since a large internal reflection angle can be taken, it acts in favor of total reflection. 
[0041] furthermore, eccentricity of 12 [ page / 2nd ] was carried out to an optical axis — it is ~ 
it is it is desirable that it is the leaning aspheric surface, each field constituted in scan optical 
system of this invention as shown in drawing 4 — an optical axis — receiving — eccentricity — 
or it leans. Therefore, aberration by eccentricity will occur greatly in each field. In this case, it 
acts in favor of amendment of aberration by eccentricity by setting up 12 [ page / 2nd ] so that 
it may have unsymmetrical power in a Y-Z side (inside of a field of drawin g 4 ). 
[0042] furthermore, eccentricity of 12 [ page / 2nd ] was carried out to an optical axis — it is — 
it is it is desirable that it is the leaning aspheric surface symmetrical with nonrotation. 
According to the aspheric surface symmetrical with nonrotation, it becomes possible to set up 
the asymmetry of power within a Y-Z side more appropriately. Therefore, it becomes possible to 
amend aberration by eccentricity much more good. 

[0043] Still more preferably, when optic fabrication nature is taken into consideration, as for the 
number of pages of free sculptured surfaces used as the aspheric surface symmetrical with 
nonrotation, it is desirable to make it necessary minimum. Then, it becomes possible to raise 
fabrication nature by making at least one field into a flat surface, the spherical surface, or a 
symmetry-of-revolution side that carried out eccentricity in a field which constitutes the scan 
optical element 4. 

[0044] And in scan optical system of this invention, it has a symmetry axis of rotation inversion 
for a configuration of a field which constitutes the scan optical element 4 neither the inside of 
the field, nor field outside, but, moreover, is considering as a free sculptured surface which has 
one plane of symmetry. This is because an image of a scan layer 5 can also be made into 
symmetry on both sides by the ability making the Y-Z side into plane of symmetry and an effort 
of aberration amendment can reduce them substantially by considering as a free sculptured 
surface where a Y-Z side which is a field including the eccentric direction of a field arranged by 
carrying out eccentricity turns into plane of symmetry when system of coordinates are taken like 
drawing 1 . 

[0045] In addition, all reflectors that have reflex action, such as a total reflection side, a mirror 
coat side, and a transflective reflector, are included in a reflector which has reflex action in this 
invention. 

[0046] A polygon mirror which carries out constant-angular-velocity motion as deflecting system 
3 in scan optical system of arrangement like drawing 1 in a place, or a galvanomirror which ' 
carries out sinusoidal vibration is used. When using a polygon mirror, It is Ya about image 
quantity on a scan layer 5. It is thetaa about a deflection angle carry out and according to a 
polygon mirror. If it carries out, it is fa about a focal distance of the scan optical element 4. 
When carrying out Ya =fa xthetaa ... (3), 

When it is necessary to satisfy a becoming f-theta property and uses a galvanomirror, it is Yb 
about image quantity on a scan layer 5. It is thetab about a deflection angle carry out and 
according to a polygon mirror. It carries out and is fb about a focal distance of the scan optical 
element 4. When carrying out Yb =fb x sin-1 thetab ... (4), 
It is necessary to satisfy a becoming f-arcsintheta property. 

[0047] Ideal image quantity on a scan layer 5 is set to Y (Above Ya or Yb) in these cases. When 
set a deflection angle of deflecting system 3 to theta (the above-mentioned thetaa or thetab), a 
focal distance of the scan optical element 4 was set to f (Above fa or fb). the real-image high in 
each image quantity was made into Y' and it is referred to as L={(Y' - Y) /Y} xlOO -10<L<10, 
(5-1) 

It is desirable to fulfill becoming conditions. 

[0048] Further -5<L<5 ... (5-2) 

It is desirable to fulfill becoming conditions. 

[0049] 

[Embodiment of the Invention] Below, the examples 1-5 of the scan optical element of the scan 
optical system of this invention are explained first. In the configuration parameter of each 
example mentioned later As shown in drawing 1 , the entrance pupil 20 of the scan optical 
element 4 as a zero of optical system The beam of light passing through the scan center of a 
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scan layer 5 and the center (zero) of an entrance pupil 20 defines an optical axis 21. The 
direction which progresses to an optical axis 21 from an entrance pupil 20 is intersected 
perpendicularly with Z shaft orientations and this Z-axis. Entrance pupil 20 center A passage, 
The direction of [ within the field where a beam of light is bent by the scan optical system 4 ] Y 
shaft orientations, the reflective direction and an opposite direction according the direction 
which makes the direction which intersects perpendicularly with the Z-axis and a Y-axis, and 
passes along entrance pupil 20 center X shaft orientations, and goes to the scan optical element 
4 from an entrance pupil 20 from the positive direction of the Z-axis. and an optical axis 21 to 12 
the 2nd page ~ the positive direction of a Y-axis ~ and The direction which constitutes these 
Z-axes, a Y-axis, and a right-hand system is made into the positive direction (direction which 
goes to the reverse side from the table of space) of the X-axis. 

[0050] and about the field where eccentricity is given The eccentricity and the medial axis of a 
field of X shaft orientations from the center of the entrance pupil 20 which is the zero of the 
scan optical element 4 of the plane peak of the field, Y shaft orientations, and Z shaft 
orientations (about a free sculptured surface and an anamorphic side) The angle of inclination 
(respectively alpha, beta, gamma (degree)) consisting mainly of the X-axis of the Z-axis of the 
aforementioned (a) type and the (c) type, a Y-axis, and each Z-axis is given, respectively. In 
addition, positive [ of alpha and beta ] means a clockwise rotation [ as opposed to / in positive / 
of gamma / the positive direction of the Z-axis for the counterclockwise rotation over the 
positive direction of each shaft ] in that case. In addition, the radius of curvature of the spherical 
surface, the refractive index of a medium, and the Abbe number are given according to the 
using-commonly method. In addition, about a spacing, it does not have semantics. 
[0051] Moreover, the configuration of a free sculptured surface and an anamorphic side is given 
by the aforementioned (a) type and the (c) type. In addition, the term about the aspheric surface . 
where data is not indicated is 0. About the refractive index, the thing to d line (wavelength of 
587.56nm) is written. The unit of length is mm. 

[0052] A Y-Z cross section including the optical axis 21 of the scan optical system of an 
example 1 is shown in drawing 1 . Moreover, a Y-Z cross section including the optical axis 21 of 
the scan optical system of examples 2-5 is shown in drawing 2 - drawing 5 , respectively. 
However, in drawing 2 - drawing 5 , the graphic display of the polygon mirror (examples 3-5) 
which is the deflecting system 3 arranged at about 20 entrance pupil of the scan optical element 
4 or a galvanomirror (example 2), and the 1 collimator light source 2 ( drawing 1 ) is excluded, 
and only the scan layer 5 which are the scan optical element 4 and its image surface is 
illustrated. 

[0053] the actual beam-oi^light path of the scan optical element 4 of examples 1-3 is a 
transparency side which countered the entrance pupil 20 and has been arranged off center — 
the 1st page should pass 1 1 — the 2nd page reflects by 12 and the light from the entrance pupil 
20 which carried out incidence to the optical element 4 is a transparency side — 1 3 [ page / 
3rd ] is penetrated and it injects from an optical element 4, and on a scan layer 5, a deflection 
scan is carried out and image formation is carried out. and the examples 1 and 2 — setting — 
the 1st — page 1 1 and the 2nd — from page 12 and the free sculptured surface where 13 
[ page / 3rd ] is expressed with said formula (a) ~ becoming — an example 3 — setting — the 
1st page 11 — the spherical surface and the anamorphic side where 12 [ page / 2nd ] is 
expressed with said formula (c) — 13 [ page / 3rd ] consists of a flat surface. 
[0054] The actual beam-of-light path of the scan optical element 4 of examples 4-5 The light 
from the entrance pupil 20 which is the transparency side which countered the entrance pupil 20 
and has been arranged off center and which carried out incidence to the optical element 4 
through 11 the 1st page the 2nd page reflects by 12 and it is a reflector ~ the 3rd page reflects 
by 13, incidence of the 2nd page is again carried out to 12, the field is penetrated and it injects 
from an optical element 4, and on a scan layer 5, a deflection scan is carried out and image 
formation is carried out. and the example 4 — setting — the 1st — page 1 1 and the anamorphic 
side where it consists of 12 and a free sculptured surface where 13 is expressed with said 
formula (a), and 1 1 [ page / 2nd / page / 3rd / page / 1st ] is expressed with said formula (c) in 
an example 5 — 13 [ page / 2nd / page / 3rd ] consists of 12 and a free sculptured surface 
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expressed with said formula (a). 

[0055] In addition, about the tele cent rucksack nature, f-theta property, or f-arcsintheta 
property of scan optical system of these examples An example 1 has a f-theta property by the 
non-calling cent rucksack, and an example 2 has a l^arcsintheta property by the non-calling 
cent rucksack. An example 3 has a f-theta property by the non-calling cent rucksack, an 
example 4 has a f-theta property by the tele cent rucksack, an example 5 has a f-theta property 
by the non-calling cent rucksack, and the chief ray inclination of the beam of light by the side of 
a scan layer 5 is 1 degree or less in all the fields in an example 4. 

[0056] Horizontal angles of view of 50 degrees, the vertical field angle of 50 degrees, and **** of 
the scan angle of examples 1-5 are 2mm. Moreover, wavelength in layout is set to 780nm. 
Therefore, optical-character ability assessment ( drawing 6 - drawing 19 ) which carries out a 
postscript is also performed on the wavelength. 

[0057] Below, the configuration parameter of the above-mentioned examples 1-5 is shown. 
1st page number of an example Radius of curvature A gap Eccentricity A refractive Index Abbe 
number 1 infinity (pupil) 2 A free sculptured surface [1] Eccentricity (1) 1 5254 562 3 A free 
sculptured surface [2] Eccentricity (2) 1.5254 56.2 4 A free sculptured surface [3] Eccentricity 
(3) Image Field infinity Eccentricity (4) Free sculptured surface [1] C 5-4 8016x10-4 C7 
8.6980x10-3 C8 1.2913x10-4010 4.9016x10-4 CI 2 5.2440x10-6 CI 4 2 0718x10-5C 16- 
8.7250x10-6 C 17-5.7677x10-7 C19 - 1.0466X10-6C 21-1.2531X10-6 free sculptured surface 
[2] C5 -2.1158x10-3 C7 1.0217x10-3 C8 1.7242x10-5C10 7.8968x10-5 C12 2 1179x10-7 C14 
5.4927x10-80 16-1.9478x10-6 017 5.2871x10-9 019-1.7131x10-80 21-9.0602x10-8 Free 
sculptured surface [3] 05 8.2367x10-4 07 1.2107x10-2 08 5.7483x10-50 10-3 6856x10-5 0 12- 
8.9385x10-6 014-2.3857x10-50 16-5.4732x10-6 017 1.0573x10-8 019-2 9250x10-70 21- 
foll^n^'J^"® Eccentricity (1) X 0.00 Y 3.96 Z 11.58alpha -8.87beta 0.00 gamma 0.00 Eccentricity 

(2) X 0.00 Y 8.55 Z 1 7.54alpha 36.71 beta 0.00 gamma 0.00 Eccentricity (3) X 0.00 Y -8 89 Z 
15.75alpha 72.89 beta 0.00 gamma 0.00 eccentricity (4) X 0.00 Y -57.58 Z 2.75alpha 69 94 beta 
0.00 gamma 0.00 . 

[0058] 

2nd page number of an example Radius of curvature A gap Eccentricity A refractive index Abbe 
number 1 infinity (pupil) 2 A fi-ee sculptured surface [1] Eccentricity (1) 1.5254 562 3 A free 
sculptured surface [2] Eccentricity (2) 1.5254 56.2 4 A free sculptured surface [3] Eccentricity 

(3) Image Field infinity Eccentricity (4) Free sculptured surface [1] 057.0640x10-307 1 1622x10- 
2 08-1.7099x10-4010-3.6911x10-40 12-9.5686x10-6 014 1.4307x10-5016 - 6 2808X10-6 017 
1.8902X10-7 019 2.1324X10-70 21-9.7690X10-9 Free Sculptured Surface [2] 05 -2.0850X10-3 
07 1.6281X10-3 08 -1.4776x10-609 -5.4542x10-8 01 0 1.0378x10-4 Oil 6 4851x10-16 O 12- 
2.0248x10-7 013 6.4465x10-16 014 3.0770x10-6015 6.5567x10-16 O 16-6 4314x10-7 017- 
6.2432x10-9018 1.5995x10-15 019 2.4451x10-8 020-2.2270x10-16 O 21-4.9969x10-8 022 
4.7328x10-16 Free sculptured surface [3] 05 1.2827x10-3 07 1.1672x10-2 08 3 2122x10-4010 
1.4157x10-4 012 3.9063x10-6 014 8.1477x10-8016 5.4968x10-7 O 17-1 9431x10-7 019- 
1.5782x10-70 21-1.0820x10-7 Eccentricity (1) X 0.00 Y -9.59 Z 13.31 alpha -9.51 beta 0 00 
gamma 0.00 Eccentricity (2) X 0.00 Y 7.66 Z 21.1 lalpha 45.95 beta 0.00 gamma 0.00 Eccentricity 
(3) X 0.00 Y -15.45 Z 27.92alpha 77.67 beta 0.00 gamma 0.00 eccentricity (4) X 000 Y -62 51 Z 
35.89alpha 103.09 beta 0.00 gamma 0.00 

[0059] 

3rd page number of an example Radius of curvature A gap Eccentricity A refractive index Abbe 
number 1 infinity (pupil) 2 37.06 Eccentricity (1) 1.5254 56.2 3 An anamorphic side Eccentricity 
(2) 1.5254 56.2 4 infinity Eccentricity (3) Image Field Infinity Eccentricity (4) anamorphic ~ field 
Rx-573.99Ry-754.83Kx O.OOOOKy 0.0000R1 4.8872x10-1 2R2 1.8474x10-8Pl 24417x102 P2- 
/'ofv/fili®"^ Eccentricity (1) X 0.00 Y0.43 Z 5.27alpha -8.18 beta 0.00 gamma 0.00 Eccentricity 
(2) XO.OO Y -3.62 Z 20.1 lalpha 30.17beta 0.00 gamma 0.00 Eccentricity (3) X 0.00 Y -13.65 Z 
23.68alpha 69.77 beta 0.00 gamma 0.00 eccentricity (4) X 0.00 Y -42.39 Z -4.98alpha 62 16 beta 
0.00 gamma 0.00 . 
[0060] 

4th page number of an example Radius of curvature A gap Eccentricity A refractive index Abbe 
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number 1 infinity (pupil) 2 A free sculptured surface [1] Eccentricity (1) 1.4922 57.5 3 A free 
sculptured surface [2] Eccentricity (2) 1.4922 57.5 4 A free sculptured surface [3] Eccentricity 
(3) 1 .4922 57.5 5 Free sculptured surface [2] Eccentricity (2) Image Field infinity Eccentricity (4) 
Free sculptured surface [1] C5 1.3216x10-2 C7 1.0983x10-2 C8 1.8434x10-50 10-9 7410x10-5 
C12 2.8685x10-6 C14 3.3720x10-7016 1.7210x10-7 Free sculptured surface [2] 05 1.7556x10-3 
07 1.4101x10-3 08 -2.1040x10-5010 1.0257x10-5 012 5.8539x10-7 014 1.2612x10-6016 
1.0858x10-6 0 17-2.9119x10-9 019-5.8219x10-80 21-9.7945x10-8 Free sculptured surface [3] 
05 6.7166x10-4 07 3.3358x10-3 08 -1.3144x10-4010 - 1.7089X10-4 012 - 1.9431X10-6 014- 
4.1346X10-60 16-1.4930X10-6 O 17-1.3440X10-8 019-3.1 193X10-80 21-3.5606X10-8 
Eccentricity (1) X 0.00 Y 3.14 Z 12.61alpha 2.61 beta 0.00 gamma 0.00 Eccentricity (2) X 0.00 Y - 
7.26 Z 38.60alpha 47.74 beta 0.00 gamma 0.00 Eccentricity (3) X 0.00 Y 0.19 Z -0.17alpha 54.76 
beta 0.00 gamma 0.00 eccentricity (4) X 0.00 Y 9.86 Z 48.85alpha 55.78 beta 0.00 gamma 000 
[0061] 

5th page number of an example Radius of curvature A gap Eccentricity A refractive index Abbe 
number 1 infinity (pupil) 2 An anamorphic side Eccentricity (1) 1.4922 57.5 3 A free sculptured 
surface [1] Eccentricity (2) 1.4922 57.5 4 A free sculptured surface [2] Eccentricity (3) 
1.492257.5 5 Free sculptured surface [1] Eccentricity (2) Image Field infinity Eccentricity (4) 
Anamorphic side Rx 51.22Ry 52.01 Kx O.OOOOK(ies) 0.0000R1 5.7849x10-7 R2 5.5372x10-9P1- 
1.2561 P ~ 2-3.0154x10-1 Free sculptured surface [1] 05 1.5917x10-3 07 2.0371x10-3 08 
2.9993x10-5010 1.0611x10-4 012 6.1126x10-7 014 3.3450x10-6016 2.1509x10-6 O 17- 
2.7798x10-8 019-1.0444x10-70 21-1.4947x10-7 Free sculptured surface [2] 05 1.6642x10-3 
07 5.6364x10-3 08 -1.0328x10-4010 - 1.3112X10-4 012 - 4.9940X10-7 014-6 1522X10-60 
16-2.1597X10-6 017 1.3701X10-8 019-2.4901X10-80 21-2.4620X10-8 Eccentricity (1) X 0.00 Y 
12.25 Z 5.93alpha -8.61 beta 0.00 gamma 0.00 Eccentricity (2) X 0.00 Y -9.46 Z 25.31 alpha 50.13 
beta 0.00 gamma 0.00 Eccentricity (3) X 0.00 Y 1.52 Z -3.06alpha 54.76 beta 0.00 gamma 000 
eccentricity (4) X 0.00 Y 16.47 Z 53.58alpha 37.94 beta 0.00 gamma 0.00 . 

[0062] The f-theta property of an example 1 is shown in drawing 6 (a) and (b). The direction of X 
is shown in drawing (a), and the f-theta property of the direction of Y is shown in drawing (b). 
The f^arcsintheta property of an example 2 is shown in drawing 7 (a) and (b). The direction of X 
is shown in drawing (a), and the ^-arcsintheta property of the direction of Y is shown in drawing 
(b). The f-theta property of an example 4 is shown in drawing 8 (a) and (b). The direction of X is 
shown in drawing (a), and the 1H:heta property of the direction of Y is shown in drawing (b). 
Moreover, the same f-theta property of an example 5 is shown in drawing 9 (a) and (b). In these 
drawings, it is the linearity L to which a horizontal axis is given to in the image quantity Y, and an 
axis of ordinate is given by (5-1). 

[0063] moreover, drawing 10 — the curvature of field of an example 1 ~ the curvature of field 
of an example 4 is shown in drawing 12 , and the curvature of field of an example 5 is shown for 
the curvature of field of an example 2 in drawing 1 1 at drawing 13 , respectively. In these 
drawings, a horizontal axis is the image quantity Y, an axis of ordinate is a focal location, and the 
curve to which the curve which connects ** point connects <> point for the direction focus of Y 
shows the direction focus of X. 

[0064] Moreover, the transverse aberration of an example 1 is shown in drawing 14 - drawing 
16 , and the transverse aberration of an example 4 is shown in drawing 1 7 - drawing 19 . In these 
transverse aberration drawings, the numeric character shown in the parenthesis expresses (the 
direction field angle of X, and the direction field angle of Y), and shows the transverse aberration 
In the field angle. 

[0065] In the scan optical system by this invention of the above example, it has a symmetry axis 
of rotation inversion for the configuration of the field which constitutes the scan optical element 
4 neither the inside of the field, nor field outside, but, moreover, there are some which are being 
made into the fi-ee sculptured surface which has one plane of symmetry (examples 1. 2, 4, and 5). 
This is because the Y-Z side can also make the Image of the Image formation side 5 the 
symmetry on both sides as plane of symmetry and the effort of aberration amendment can 
reduce them substantially by considering as a free sculptured surface where the Y-Z side which 
Is a field Including the eccentric direction of the field arranged by carrying out eccentricity turns 
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into plane of symmetry when system of coordinates are taken like dr awin g 1 . 
[0066] Next, the block diagram at the time of applying the scan optical system of this invention 
to a laser beam printer (LBP) at drawing 20 is shown. Incidence of the collimation light (refer to 
drawingj, ) which injected from the non-illustrated light source 1 and turned into abbreviation 
parallel light by the collimator 2 is carried out to the polygon scanner which is deflecting system 
3, it is condensed by the scan optical element 4 on the photoconductor drum located in a scan 
layer 5, and it scans the beam of light deflected in the reflector by it. In writing a two- 
dimensional image in a scan layer 5, before carrying out incidence to the polygon scanner whose 
collimation light is deflecting system 3 in the above-mentioned configuration, it becomes possible 
by arranging the 2nd deflecting system (for example, oscillating mirror) deflected in the field 
which intersects perpendicularly with the deflection side of a polygon scanner, for example, in 
addition, an image side tele cent [ like drawing 4 in this example ] whose scan optical element 4 
is 13 [ page / 3rd ] consists of a free sculptured surface, and the deflection angle by 
deflecting system 3 which is rucksack optical system, whose 1 1 [ page / 1 st ] is the spherical 
surface and a field which has reflex action and a transparency operation and which are 12 and a 
reflector the 2nd page is about 70 degrees. 

[0067] The block diagram at the time of reading into drawing 21 and applying the scan optical 
system of this invention to equipment (for example, scanner) is shown. The light injected from 
the location which meets the scanning line 51 of the image to capture is incorporated by scan 
optical element 4 like drawing 5 , and turns Into abbreviation parallel light which is deflected with 
the polygon scanner 3 and advances in the one direction. The light is led to a photodetector 53 
according to the condensing optical system 52 which has the condensing operation, and an 
image is captured as a video signal. 

[0068] The block diagram at the time of corresponding to a two-dimensional image at drawing 22 
is shown. What is necessary is just to carry out additional arrangement of the galvanometer 
scanner 31 which is the 2nd deflecting system deflected in the field which intersects 
perpendicularly with the deflection side of the polygon scanner 3 with the configuration of 
drawing 21 , after carrying out incidence to the polygon scanner 3 in carrying out a two- 
dimensional scan and capturing the two-dimensional image 50. 

[0069] Next, the block diagram of one example at the time of applying the scan optical system of 
this invention to an image display device is shown in drawing 23 . As the light source which ^ 
injects the light modulated by the controller according to the video signal from the outside, laser 
or LED 1R, 1G, and IB of three-primary-colors R, and G and B (red, green, blue) etc. is arranged. 
It is the 1st deflecting system (not shown) which the light from the light sources IP, 10, and IB 
in three primary colors turns into abbreviation parallel light by the collimator (not shown), and 
alignment is carried out to the same axle with the half mirror 7 of two sheets, becomes one light 
beam, and deflects this light beam in the direction of X. referring to drawing 22 deviates and it 
deviates in the direction of Y by the polygon mirror of the 2nd deflecting system 3 — having — 
the scan optical element 4 ~ incidence of the 1 st page is carried out from 1 1 . Internal reflection 
of the 2nd page is carried out by 12, the 3rd page reflects by 13, and shortly, the light which 
carried out incidence to the scan optical element 4 is refracted, is injected by 12, the 2nd page, 
and forms the medium image which is a primary image which should be observed in the medium' 
image position 40. By carrying out image formation of this image on a retina through an 
observer's pupil 41 according to the eyepiece optical system 6, the expanded virtual image is 
observable. Here as eyepiecis optical system 6 shown in drawing 23 These people use the 
eccentric optical system which the refractive index surrounded in three optical surfaces 61-63 
proposed by JP,8-313829,A becomes from a larger medium than 1. The flux of light from a 
medium image Incidence is carried out into the eccentric optical system from the 3rd field 63, 
next total reflection of the 1st page is carried out by 61 in the interior, and, subsequently it is 
the thing of a concave mirror which is made to carry out internal reflection of the 2nd page by 
62, is made to inject the 1st page out of eccentric optical system through 61 shortly, and leads 
the medium image to an observer eyeball. 

[0070] In addition, in arrangement of drawing 23 , since it is good only in one direction to deviate 
when what has 1 -dimensional breadth in the light source, for example, an LED array, is used, the 
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1st deflecting system can be excluded, and compared with the configuration mentioned above, it 
can be simple and can be made small. In addition, transparency mold screens, such as a diffusion 
board, may be arranged to the medium image position 40 of drawing 23 . 

[0071] Moreover, as shown in drawing 24 , an image can be projected on an observer's both eyes 
with one deflecting system 3 by setting the light source 1 at a time to a total of two [ one right 
and left ], and making it make two reflectors of deflecting system 3 carry out Incidence of the 
KORIMETO light from the two light sources 1 simultaneously. In this case, left UichI pair 
arrangement of a collimator 2, the scan optical element 4, and the eyepiece optical system 6 is 
carried out, respectively. 

[0072] The important section block diagram of the image display device which was similar to 
drawing 25 at drawing 23 is shown. However, since the light source 1 to the 2nd deflecting 
system 3 is the same as that of the case of drawing 23 , it is not illustrated. The light which the 
2nd deflecting system 3 which becomes entrance pupil 20 location of the scan optical element 4 
from a polygon min-or or a galvanomirror has been arranged, and was deflected in the reflector of 
the deflecting system 3 The medium image which is a primary image of the scan optical element 
4 which carries out incidence of the 1st page from 1 1, and internal reflection is carried out by 12 
the 2nd page, is reflected by 13 the 3rd page, refracts and injects the 2nd page by 12 shortly, 
and should be observed in the medium image position 40 is formed. Since this medium image can 
be formed the air or in an optical medium, as shown in drawing 25 , it is possible to form in the 
eccentric optical system of the eyepiece optical system 6. Therefore, when using the usual 
display device, compared with the case where a primary image is formed in the air like drawing 
23 , in the case of this example, it becomes possible to shorten the focal distance of the 
eyepiece optical system 6, and a still larger field angle can be realized. In addition, the eccentric 
optical system which it becomes from a medium with the larger refractive index by which these 
people were surrounded in three optical surfaces 61-63 proposed by JP,8-313829,A than 1 as 
eyepiece optical system 6 also in this example is used. 

[0073] In the example of drawing 25 , although the configuration parameter is not shown here 
since the scan optical element 4 uses what was shown in the example 4, the configuration 
parameter of the eyepiece optical system 6 is shown below, however — the — the 3rd page, 63 
is a flat surface and is excluded in the following configuration parameter. The counterlight trace 
from observer pupil 41 location to the medium image surface 40 has expressed the field number 
among the following configuration parameter. Although how to take a coordinate is the same as 
that of drawing 1 - drawing 5 , the center of the observer pupil 41 is made into the zero. In this 
example, since the medium image is formed in the medium of the eyepiece optical system 6, 
horizontal angles of view of 50 degrees, the vertical field angle of 38.6 degrees, and 4mm of 
diameters of an exit pupil have been attained. 
[0074] 

<Configuration parameter of eyepiece optical system> side number Radius of curvature A gap 
Eccentricity A refractive index Abbe number 1 infinity (pupil) Eccentricity (1) 2 A free sculptured 
surface [1] Eccentricity (2) 1.4922 57.5 3 Afi^se sculptured surface [2] Eccentricity (3) 1.4922 
57.5 4 A free sculptured surface [1] Eccentricity (2) 1.4922 57.5 images Field infinity Eccentricity 
(4) ft-ee sculptured surface [1] C5 4.7905x10-4 C7 -1.1555x10-2 C8 -5.5074x10-5010- 
3.2531x10-40 12-2.6285x10-6 014 2.5769x10-6016 4.2178x10-6 O 17-8.2599x10-8 019 
9.8187x10-8021 1.6093x10-7 ft-ee sculptured surface [2] 05 -5.0708x10-3 07 -8.6294x10-3 08 
-4.6135x10-5010-4.9564X10-5 012 9.0372x10-7 014 1.1106x10-60 16-1.9738x10-7 O 17- 
2.1466x10-8 019-4.7149x10-80 21-1.3733x10-8 Eccentricity (1) X O.OOY 0.00 Z O.OOalpha 000 
beta 0.00 gamma 0.00 Eccentricity (2) X 0.00 Y 5.90 Z 48.09alpha 2.60 beta 0.00 gamma 000 
Eccentricity (3) X 0.00 Y -8.27 Z 64.68alpha -23.98 beta 0.00 gamma 0.00 eccentricity (4) X 000 
Y 27.84 Z 57.55alpha 44.24 beta 0.00 gamma 0.00 . 

[0075] In addition, if the image display device of drawing 25 forms a medium image (real image), it 
cannot be overemphasized that an effect with the same said of the thing of a gestalt like a 
throat is acquired except scan optical system. For example, using a liquid crystal display element 
as a subject-copy image, a medium image is formed according to relay optical system, and the 
same effect is acquired also in the image display device which projects that medium image on an 
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observer eyeball according to the eyepiece optical system 6 by forming this medium image in the 
optical medium of the eyepiece optical system 6. 

[0076] The scan optical system of the above this invention, scan optical equipment, and the 
image display device using it can be constituted as follows, for example. 

[1] A light deflector with the operation which deflects light along one scanning direction on the 
field for a scan at least, In scan optical system with the optical member which made said field for 
a scan carry out abbreviation coincidence of the image surface while being arranged between 
said light deflector and said field for a scan and making said light deflector carry out abbreviation 
coincidence of the pupil surface The reflector is scan optical system characterized by being 
formed in the nonrotation plane of symmetry which has a symmetry axis of rotation inversion 
neither of a field inner surface with the operation to which eccentric aberration is amended 
outside including at least one reflector where said optical member gives positive power to the 
flux of light. 

[0077] [2] A light deflector with the operation which deflects light along one scanning direction 
on the field for a scan at least, In scan optical system with the optical member which made said 
field for a scan carry out abbreviation coincidence of the image surface while being arranged 
between said light deflector and said field for a scan and making said light deflector carry out 
abbreviation coincidence of the pupil surface Said optical member contains the prism member in 
which the refractive index (n) was formed by the larger (n> 1) medium than 1. Said prism member 
It has a reflector with the operation which reflects the flux of light in prism at least, and the 
transparency side which had incidence or the operation to inject for the flux of light in prism at 
least. One [ at least ] field of said reflector and said transparency side is scan optical system 
characterized by being formed in the nonrotation plane of symmetry which has a symmetry axis 
of rotation inversion neither of a field inner surface with the operation which amends eccentric 
aberration outside. 

[0078] [3] A light deflector with the operation which deflects light along one scanning direction 
on the field for a scan at least, In scan optical system with the optical member which made said 
field for a scan carry out abbreviation coincidence of the image surface while being arranged 
between said light defiector and said field for a scan and making said light deflector carry out 
abbreviation coincidence of the pupil surface The refractive index (n) inserted into at least three 
fields in which said optical member had an echo or an optical operation of transparency, and 
three fields of those contains the prism member which has a larger (n> 1 ) medium than 1 . While 
being formed in the reflector in which at least one field had the operation which reflects the flux 
of light in prism in said three fields Combine reflex action and a transparency operation and ** is 
also constituted like so that the clinch optical path to which the field by which opposite 
arrangement is carried out on both sides of said reflector and medium had the operation which 
folds up an optical path between said reflectors may be formed. Furthermore, it is the scan 
optical system characterized by forming the inside of said three fields, and the 1st [ at least ] 
page in the nonrotation plane of symmetry which has a symmetry axis of rotation inversion 
neither of a field inner surface with the operation which amends eccentric aberration outside. 
[0079] [4] Said scan optical system is scan optical system characterized by being constituted so 
that the beam of light by the side of said field for a scan may serve as an abbreviation tele cent 
rucksack in the above [3]. 

[0080] [5] It is the scan optical system characterized by the thing in which, as for said 
nonrotation plane of symmetry, two plane of symmetry exists in any 1 term of [4]. and which is 
formed in respect of anamorphic from the above [1]. 

[0081] [6] It is the scan optical system characterized by being formed from the above [1] in the 
free sculptured surface where, as for said nonrotation plane of symmetry, one plane of symmetry 
exists in any 1 term of [4]. 

[0082] [7] Said optical member is scan optical system characterized by being constituted so that 
the power in the direction in which the flux of light is deflected by said deflecting system in any 
Merm of [6] may differ from the power in a direction vertical to the direction from the above 

[0083] [8] In the above [3] or [4], said prism member consists of the 3rd page, a transparency 
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side, the field having a transparency operation and reflex action, and a reflector, at least, and the 
optical path inside prism pursues from said transparency side side. Scan optical system 
characterized by arranging said three fields so that it penetrates said transparency side, and the 
field having said transparency operation and reflex action may be penetrated, after being 
reflected in respect of having said transparency operation and reflex action and being reflected 
in said reflector. 

[0084] [9] The field which has said transparency operation and reflex action in the above [3], [4], 
or [8] IS scan optical system characterized by forming reflex action and a transparency operation 
by constituting so that total reflection of a part of flux of light [ at least ] In prism may be 
carried out. 

[0085] [10] Scan optical system characterized by forming the fleld which actjoined said deflecting 
system most m the optical operating surface of said prism member in any 1 term of [9] from the 
above [1 J in respect of having positive power. 

[0086] [11] any 1 term of the above [1] to [10] — setting — the image quantity on said field for 
a scan — Ya ** ~ carrying out — the deflection angle of said deflecting system — thetaa ** - 

carrying out — the focal distance of said optical member — fa ** — time of carrying out Ya 
=fa xthetaa ... (3) 

Scan optical system characterized by satisfying unrelated relation. 

[0087] [12] any 1 term of the above [1] to [10] — setting — the image quantity on said field for 
a scan — Yb ** — carrying out — the deflection angle of said deflecting system ~ thetab ** - 
- carrying out — the focal distance of said optical member — fb ** — time of carrying out Yb 
=fb X sin-1 thetab ... (4) 

Scan optical system characterized by satisfying unrelated relation. 

[0088] [13] Set the Image quantity on said field for a scan to Y in any 1 term of [12] from the 

above [1]. When set the deflection angle of said deflecting system to theta, the focal distance of 

said optical member was set to f, the real-Image high in each image quantity was made Into Y' 

and it Is referred to as L={(Y' - Y) /Y} xlOO - 10< L<10, ... (5-1) 

Scan optical system characterized by fulfilling the becoming conditions 

[0089] [14] In the above [12] - 5< L<5 ... (5-2) 

Scan optical system characterized by fulfilling the becoming conditions. 

[0090] [15] It Is the scan optical system characterized by said field for a scan being one 

dimension in any 1 term of [14] from the above [1]. 

[0091] [16] It is the scan optical system characterized by said field for a scan being two- 
dimensional in any 1 term of [14] from the above [1]. 

[0092] [17] When the chief ray inclination of the deflection light to the normal of said field for a 

scan IS set to gamma in any 1 term of [16] from the above [3] gamma<=5 degrees ... (1-1), 

Scan optical system characterized by fulfilling the becoming conditions. 

[0093] [18] In the above [17] gamma<=2 degrees ... (1-2) 

Scan optical system characterized by fulfilling the becoming conditions 

[0094] [19] In the above [18] gamma<=1 degree ... (1-3) 

Scan optical system characterized by fulfilling the becoming conditions. 

[0095] In the scan optical equipment with which the light injected from the light source is 

deflected by deflecting system, and is irradiated by the scan layer through scan optical system 

L20j Said scan optical system It is arranged between the deflecting system which deflects light 

in the at least 1 direction, and the scan layer which makes said light scan. The medium with a 

larger refractive index than 1 fills the space which consisted of the 2nd [ at least ] page and was 

formed by the 2nd [ at least ] page. It is scan optical equipment which the 1st [ at least ] page Is 

a reflector and Is characterized by the inside of the 2nd [ at least ] aforementioned page and the 

1st L at least J page being the aspheric surfaces which carried out eccentricity to the optical 

axis. 

[0096] In the above [20] [21] Said scan optical system It is arranged between the deflecting 
system which deflects light in the at least 1 direction, and the scan layer which makes said light 
scan. The medium with a larger refractive index than 1 fills the space which consisted of the 3rd 
[ at least ] page and was formed by the 3rd [ at least ] page. It Is scan optical equipment 
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characterized by for the 1st page being a reflector, for other 1st page being a field which has 
reflex action and a transparency operation, and the inside of the 3rd [ at least ] aforementioned 
page and the 1st [ at least ] page being the aspheric surfaces which carried out eccentricity to 
the optical axis. 

[0097] [22] the above [20] or [21] — setting — the 1st [ at least ] aforementioned page — a 
revolution — the scan optical equipment characterized by being the unsymmetrical aspheric 
surface. 

[0098] [23] It is scan optical equipment characterized by the 1st [ at least ] aforementioned 
page being a free sculptured surface in the above [20] or [21], 

[0099] [24] It is scan optical equipment characterized by said light source being laser in any 1 
term of [23] from the above [20]. 

[0100] [25] The light which carries out incidence to said deflecting system in any 1 term of [24] 
from the above [20] is scan optical equipment characterized by being the parallel light by which 
the light emitted from said light source was collimated. 

[0101] [26] It is scan optical equipment with which light which carries out incidence to said 
deflecting system in any 1 term of [25] is characterized by the magnitude of said light differing in 
the eccentric direction of the aforementioned field, and the direction which intersects 
perpendicularly with it from the above [20]. 

[0102] [27] It is scan optical equipment characterized by being the thing which it makes two- 
dimensional [ of the direction which intersects perpendicularly with the eccentric direction of the 
field of the above / said deflecting system /, and it in any 1 term of [26] ] deflect from the 
above [20]. 

[0103] [28] The light which carries out incidence to said deflecting system in any 1 term of [26] 
from the above [20] is scan optical equipment characterized by being injected from a 1- 
dimensional luminescence element array. 

[0104] [29] In the scan optical equipment with which the light injected from the 1 -dimensional 
image or the two-dimensional image is deflected by deflecting system through scan optical 
system, and serves as a light beam which advances in the one direction, and incidence is carried 
out to a photodetector Said scan optical system is arranged between the deflecting system 
which deflects light in the at least 1 direction, and the scan layer which makes said light scan 
The medium with a larger refractive index than 1 fills the space which consisted of the 2nd [ at 
least ] page and was formed by the 2nd [ at least ] page. It is scan optical equipment which the 
1st I at least J page is a reflector and is characterized by the inside of the 2nd [ at least ] 
aforementioned page and the 1st [ at least ] page being the aspheric surfaces which carried out 
eccentricity to the optical axis. 

[0105] In the above [29] [30] Said scan optical system It is arranged between the deflecting 
system which deflects light In the at least 1 direction, and the scan layer which makes said light 
scan The medium with a larger refractive index than 1 fills the space which consisted of the 3rd 
L at least J page and was formed by the 3rd [ at least ] page. It is scan optical equipment 
characterized by for the 1st page being a reflector, for other 1st page being a field which has 
reflex action and a transparency operation, and the inside of the 3rd [ at least ] aforementioned 
page and the 1 st [ at least ] page being the aspheric surfaces which carried out eccentricity to 
the optical axis. 

[0106] [31] the above [29] or [30] — setting — the 1st [ at least ] aforementioned page ~ a 
revolution — the scan optical equipment characterized by being the unsymmetrical aspheric 
surface. 

[0107] [32] It is scan optical equipment characterized by the 1st [ at least ] aforementioned 
page being a free sculptured surface in the above [29] or [30]. 

[0108] [33] It is scan optical equipment characterized by being the thing which it makes two- 
dimensional [ of the direction which intersects perpendicularly with the eccentric direction of the 
field of the above / said deflecting system /, and It in any 1 term of [32] ] deflect from the 
above [29]. 

[0109] [34] The light which carries out incidence to said deflecting system in any 1 term of [32] 
from the above [29] Is scan optical equipment characterized by being injected from a 1- 
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dimensional luminescence element array. 

[0110] [35] In the image display device to which it deviates with deflecting system and a medium 
image is formed according to scan optical system, and the light injected from the light source 
expands said medium image to an observer eyeball as a virtual image, and projects it on it 
according to eyepiece optical system Said scan optical system is arranged between the 
deflecting system which deflects light in the at least 1 direction, and the scan layer which makes 
said light scan. The medium with a larger refractive index than 1 fills the space which consisted 
of the 2nd [ at least ] page and was formed by the 2nd [ at least ] page. It is the image display 
device which the 1st [ at least ] page is a reflector and is characterized by the inside of the 2nd 
[ at least ] aforementioned page and the 1st [ at least ] page being the aspheric surfaces which 
carried out eccentricity to the optical axis. 

[01 1 1] In the above [35] [36] Said scan optical system It is arranged between the deflecting 
system which deflects light in the at least 1 direction, and the scan layer which makes said light 
scan. The medium with a larger refractive index than 1 fills the space which consisted of the 3rd 
[ at least ] page and was formed by the 3rd [ at least ] page. It is the image display device 
characterized by for the 1st page being a reflector, for other 1 st page being a field which has 
reflex action and a transparency operation, and the inside of the 3rd [ at least ] aforementioned 
page and the 1st [ at least ] page being the aspheric surfaces which carried out eccentricity to 
the optical axis. 

[01 12] [37] the above [35] or [36] — setting — the 1st [ at least ] aforementioned page — a 
revolution — the image display device characterized by being the unsymmetrical aspheric 
surface. 

[01 13] [38] It is the image display device characterized by the 1st [ at least ] aforementioned 
page being a free sculptured surface in the above [35] or [36]. 

[01 14] [39] The image display device characterized by being constituted so that the beam of 
light by the side of the field for a scan of said scan optical system may serve as an abbreviation 
tele cent rucksack from the above [35] in any 1 term of [38]. 

[01 15] [40] It is the image display device characterized by being the field which a part reflects 
the 1st [ at least ] page of said scan optical system in any 1 term of [39] from the above [35] 
and a part penetrates. 

[01 16] [41] It is the image display device characterized by being the field where at least a part 
carries out total reflection of the 1st [ at least ] page of said scan optical system in any 1 term 
of [40] from the above [35]. 

[01 17] [42] It is the image display device which the number of the flux of lights deflected from 
the above [35] with said deflecting system in any 1 term of [41] is two, and said two flux of lights 
form a medium image according to said scan optical system, respectively, and is characterized 
by carrying out amplification projection as a virtual image at the eyeball of right and left of each 
medium image of an observer by each eyepiece optical system. 

[01 18] [43] The flux of light which carries out incidence to said deflecting system in the above 
[42] is an image display device characterized by irradiating two or more deflection sides 
simultaneously. 

[0119] [44] The flux of light which carries out incidence to said deflecting system in the above 
[42] or [43] is an image display device characterized by being divided into two. 
[0120] [45] It is the image display device characterized by forming said some of medium images 
[ at least ] in the medium of said eyepiece optical system in the image display device which 
projects the medium image with which the light injected from the light source is deflected by 
deflecting system, and is formed of scan optical system, or the medium image formed of relay 
optical system in the image of an image display element as a virtual image expanded to the 
observer eyeball according to eyepiece optical system 
[0121] 

[Effect of the Invention] Though the scan optical system constituted by one scan optical 
element is used according to this invention so that clearly from the above explanation It is 
possible to form the light beam which has a very large scan angle, and is not concerned with the 
class of deflecting system, but carries out uniform motion on a scan layer. Moreover, it is also 
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possible to attain tele cent rucksack nature required for highly precise drawing, further, not only 
in a 1 -dimensional scan but in a two-dimensional scan field, it has the above-mentioned 
property, and the high scan optical system of the image formation engine performance can be 
offered. 


[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 


DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

[ Drawing 1] It is a cross section including the optical axis of the scan optical system of the 
example 1 of this invention. 

[Drawing 2] It is a cross section including the optical axis of the scan optical system of the 
example 2 of this invention. 

[Drawing 3 ] It is a cross section including the optical axis of the scan optical system of the 
example 3 of this invention. 

[Drawing 4] It is a cross section including the optical axis of the scan optical system of the 
example 4 of this invention. 

[Drawing 5 ] It is a cross section including the optical axis of the scan optical system of the 
example 6 of this invention. 

[ Drawing 6] It is drawing showing the f-theta property of an example 1. 
[Drawing 71 It is drawing showing the f^arcsintheta property of an example 2. 
[Drawing _8] It is drawing showing the f-theta property of an example 4. 
[Drawing 9] It is drawing showing the f-theta property of an example 5. 
[Drawing 101 It is drawing showing the curvature of field of an example 1 . 
[Drawing 111 It is drawing showing the curvature of field of an example 2. 
[Drawing 121 It is drawing showing the curvature of field of an example 4. 
[Drawing 131 It is drawing showing the curvature of field of an example 5. 
[Drawing 141 It is drawing showing a part of transverse aberration of an example 1 
[Drawing JS] It is drawing showing a part of other transverse aberration of an example 1 
[Drawing 161 It is drawing showing a part of remaining transverse aberration of an example 1 
[Drawing 17] It is drawing showing a part of transverse aberration of an example 4 
[ Drawing 18] It is drawing showing a part of other transverse aberration of an example 4 
[ Drawing 191 It is drawing showing a part of remaining transverse aberration of an example 4 
[ Drawing 201 It is a block diagram at the time of applying the scan optical system of this 
invention to a laser beam printer. 

[Drawing 211 it is a block diagram at the time of reading the scan optical system of this invention 
and applying to equipment. 

[Drawing 22] It is a block diagram at the time of applying the scan optical system of this 
invention to the reading equipment of a two-dimensional image. 

[ Drawing 23] It is the block diagram of one example at the time of applying the scan optical 
system of this invention to an image display device. 

[Drawing 241 It is a block diagram at the time of applying the scan optical system of this 

invention to the image display device in which both-eyes observation is possible 

[Drawing 25] It is the important section block diagram of another example at the time of applying 

the scan optical system of this invention to an image display device. 

[Description of Notations] 

1 — Light source 

1R, 1G, 1 B— R, G, B laser, or LED 

2 — Collimator 
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3 — Deflecting system 

4 — Scan optical element 

5 — Scan layer 

6 — Eyepiece optical system 

7 — Half mirror 

1 1 — The 1 st page 

12 — The 2nd page 

13 — The 3rd page 

20 — Entrance pupil 

21 — Optical axis 

31 — Galvanometer scanner 

40 — Medium image position 

41 — Observer pupil 

51 — Scanning line 

52 — Condensing optical system 

53 — Photodetector 

61 The 1st page of eyepiece optical system 

62 The 2nd page of eyepiece optical system 

63 The 3rd page of eyepiece optical system 

[Translation done.] 
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A#*-t-5„ Mi^^sii, mi(Dm-^. ^-^msmwii^x 

V^-5IH^te#ffi#:•T?fo5^K!; =f'>-;^:^r^^— T'fc!9, Alt 
^{i^:(0|Bltei-5S*ttgi; J; c T«|p]*« $ nxm 1 E 
1 1 T-ffllffLT^d£^t^^^4(CA#tf 5„ M^^^m 
^4lcA*tL/c^tt^2Bl 2T'l^gPSItU, ^cOF^IfR 
S#t^»-m 3 ffi 1 3 Xmm LT*S*^*^ 4 yi^ fcltm 

[0 0 141 ^i^TCO|ft0^IC:*3V^TfflV^5^:^^{COV^T 

O ^ y =f 5 7 Srife*3t¥*^ 4 (D A#t 2 

0'^4fitbTV^5„ AM*2 0't>'LN^ait9*4ffi5<D>f> 
'L^{^iija-r5tt±±3t^*5ft 2 0 ^MfctJ vM^t/t^m^?- 
4 0^1c51 1 (C^Mi-54T'<Die^(cJ;oT^a$^T. 
5*2 1SrZtti:b. - ©ZttirjtJgU. *^o. 
^^^^ 4 5 =g-fficDii,L^B5F*=IOti Sr Y# t 

[0 0 151 :^mmizi.^M^^^mt. ^>i'i<t'bIE 

!7 — srW-r-sswEt- i o raw * Jt-<T^:t-r •£> iR 

[0 0 161 -«^^c:;^7^7^T•fflv^e>^^5^ffi^- 

>:x'mx'(i. m^x-^±-r^nmi^mt=i^m.m. ikm 

wT?, m^-r^m\^$mm^m\'^^:itizx<>x. 
iRMWiE<D^^t)'^m^x$>^tc>!i:>x'$> *) , 1 mx-mmwi 

[0 0 17] *^Bj60^^3t^^coJ; plC^ttlc 

[0 0 18] :*:^BJ(i, 5.1*111 

So 


(4) 


1-842 9 1 


[0 0 19] rrT\ *^^J(^***^s^^:*5V^Tfflv^ 

Z=C2 

+ C3 y +C4 X 

+ C5 y2 +C6 y X + C7 x2 

+ C8 y3 H-Ca y2 x + doy +Cux3 

+ Ci2y^ +Ci3y3 x + C^y^ x2 +Ci5y + C,^x^ 

+ Ci7y5 +Ci8y4 x + Ci9y3 ^CzoY^ H-Cgiy x^ 


+ C23y6 +C24y^ x + Czgy^ x2 +C26y^ x3 +C27y2 X4 

+ C28y X5 +C2 

+C3oy7 +C3iy6 x + C32y5 +C^y^ x^ +C34y3 


22- 


+ C35y2 x5 +C36y x6 +C 


37' 


[0 0 2 01 *fc. :^^m<D^^^^^iz^\,^xn. m 

^ (a) fc4^V^r^^. C4, Cg, C9, Cn, C:3, 

C15, Ci8» C20> C22» C24» C26» C28» C31, C 

33, C35, C37, • • ' (o^m<D^Wi:^Oiz'r^::,klz 
[0 0 2 1] y<D^^^:^^^rO(ci--5:ii:f:i 


• • • (a) 

Jt^i^o 0iJx.f±\ ±i5««5S: (a) ^c^ov^T^^. 

C3, Cg » Cg , ClOf Ci3, C15, Ci7, Ci9, C 
21» C24, C26» C28> C30, C32, C34, C36, • • 

[0 0 2 2] _b!2Y-zM^^fT/^>^i^^®. x~zmt 

[0 0 2 3] ^tc. *^KO*S*^^^C*5V^TfflV^T 


Z= (CX-x' +CY.y» ) / [1+ {1- (i+Kx ) CX' 


D-3 


- (1+K, ) CY* • yM ] 


{ <1-P„ ) + (1+P„ ) yM " 


(b) 


fcfcb. znmm:ik(7:>}^.Ai,z.Mi-^mW^^^^^<D'tti 
Xif{ii:&f^nil^^. K, f^Yfti:&fpjR«I^Sc. Rji# 

Z= (CX • x2 +CY • y2) / 


10 0 2 4] mtL-X. n = 4 (4j<>c«) ?r#x.5i:, 
[1 + { 1 - (1 +KJ CX2 • x2 
- (1 +K, ) CY2 • y2 } 1/2] 

+ R1 { (1-Pl) x2+ (1+Pl) y2}2 

(l+P 2) y2 } 3 


+ R2 { (1-P2) 


+ R3 { (1-P3) x2 + 
+ R4 { (1 -P4) x2 + 

Rx : xm:^j^^m^ 

Ry : Ytt:^|p]*^#S 

Rx =1/CX, Ry =1/CY 


(1 + P3) 

(1 +P 4) 


y2} 

y2 } 


(c) 


[0 0 2 5] ^^m<Dm^^^m^ 4 ii, />/i < 1 1> 2 
tS (lgl{C;^Lfc^J(^:*3^^r»i3®) -eJ^^$^^fc^PH1 
Sr®*f**si J;^,^;»J^v^ («ajx.fi, 1. 5) tt^mK 
-CMfc^i^TV^5fci6. Al*«2 0*^P,*fHiLit?fef*|| 
Iffil l*-P>*S3t^*^^4JcA#t^.5l^{cp^^/KD)£ 


(5) 


i^mW- 11-84291 


1 2fe§v^j*ii3ffii 3izA^i-^ytmm&is.<^^-t 

Wfig-r^r i: irPII^J:!, ;»ct*MPiC (NA) 

[0 0 2 61 tiTlc, #SOffl)t{;i-oVNTISiB^-f-5, 

^mimi 1 ^ Attffi 2 0 IZM Ur OffiCli-S i i: 
ilT-$5 5„ JJ^y 5-3(DS#t^S:eT*fc5AWBi2 
0;^^^ltmL./c3t^(i. *S*^*^^4T-fo-5«'L^r!; 
:^A©^1E1 1 {dffi^UTAlfi-So :i(omimii 

2 OJ5-P>;^#/iiii:ftT'ltttlL/cW^5tl|;i)SRttiDT-fc.5 

«^'t)l^eH;i^2ffil 2J;ii3Jt-53t^iS4r<£<aJX'5w t 
{:i , 5tttiw*f UT«'L> L^tSft® 1 2 T-^r^-f-S => 

[0 0 2 7] (S*tM) ^mm<D^^^^^izio^^xm 
t£lE<0^<r7~^:n-t^<Di-^. DaffiMi:0#fflSr*i-Siai 

(SSM^sjl) «i*3(t5ll2ffil 2, Xf4, 134 (jlJfi^J 
4) (cist'tS^Sffil 3T'&5<. r<DB«ttJi±^aJ' 

- Z®rt«5/N-!7-i: Y- Z®{cE2S-t-5ffiT-fc-5X- Z 
[00 2 81 (ItWffi) *^c. ^2ffil 2^gft*E 


BJiC*3^^T. ^2ffil2 (1114) (i^SffiSlcffiLfccS 
Ttfc?), ^*ffi5tc:ffi^L/catffffiT-$)5^2ffil 2 

^^^^ ^MlE-t- S O ^ V ^M* ;t 5 fc *:? T- -5 . 

[0 0 2 91 ia4{;i, 5 1 oco^Sit^*^ 

*i-o fcJ^L, |iI4T«. *aE?t^3!l^4(^A*ttt2 0 

iS^f^SE«$n-5MlS]^3T*fe55K!; =f 7-. %m. 
1. =iy;^— ^-2 (mi) <D|2|^il^;!)^ti.> 

[0 0 3 01 BI4(c*3^^r, *S^^*^^4tt, 3tj!Sl 
;!i^^*|-ttiLfc)ti55AW-f€>®T'&S||l®l 1, -^(Olg 
IMl l{c*f|6jUfcS*tftffli:jgiaf^^S:^i-5ffix-$> 
?.^2M1 2, SWST'feSllSEl 3{j:J:oT«^$ 

fi. Cl'OSffil 1~1 3trJ:oT«^$tt-5^^;{i5gj^ 

d'L^Vy XA-^fe^, liI4^w*5V^T. itacjt^^^ 4 ^Sr 
«^i-5#ffiOJi?^«, miffill,ll2ffil2,||3 
tS13*(::flfrlE (a) ^X'm.^i^^Mm^i^mii^mS 

[0 0 3 11 ^m<o%wm.m-t. x»tm2o ashpit 

i4. *^3fe^m^^4(^5At=fffiT-fc-5«lffil lA^bAM 
^2ffil 2T-F*gf|5SM-f-^„ M^ytr^^m 
■t^mms t {;i*3tt5H*f:^«ffi#AWJi(c/i J; 5 iz 
^^^tiXisr)^ II2®12 (onm S t X'±R^^ r 

^Sffi^tlTVNS, ai2®l 2t?F*3Sl5SWU:fc«tt||3® 
1 3li*3^^TSM^^^, SLKII2E1 2(;;*3VNTfflt^U 

[0 0 3 21 *fc, *IS|qco*ac^#^{c43V^Ttt, 
iBcD^;^^J 4 IZTf^-ti: $ {c, Hr V h y ^ 'SjfeSiJS 

[0 0 3 31 i<om^. m^m<DmmzMvx(r>m\^yt 
• • • (1-1) 

(r>mm^mi)mm\ztii:i>, 

[00341 $e>{C, 


(6) 


1 -8 4 2 9 1 


y S 1° 

[0 0 3 6] tr6T% mm-t^mmm^. 5 (04. 
2(4 . ^m-A^^mm\^tct/t^m 3^1 3 m^'fH^KM 

e^s i n-i (1/n) 
*-?p*faibfc3fe«»^s^jg3fe^*^^4{c*3Jt5rt^S*fffi 

fc, *S)t^iff^4:i^f,i#m-r5**mffi*iffiT-«figb 

[0 0 3 9] ^kiZ. m2mi 2-VR^}:^mi:mmtz 

5 3-7iR|gdS:*:t<^^i-5„ SWEt#ttHffi*lffi-T? 

f£^fzit>. l(HliOSi*ffiT'fe^m2Ml 2 t 2|H]S© 
Sl^ffiT?fc5»3Ml 3©;i-rASS-fei <-r-5 
;«:>^r^''i< , ^2ffil 2«|^ti5ffiT-'bS>.5fcie). 1^335 

1 3icm:mi^xmm-r^^tA-X'tz. vt^r-^x. m 

t)> ^3ffii 3{c*3{t5^1'iL^lRM. mz^-^'^m<r>%^ 

[0 0 4 0] ifc, Il2ffil 2«, ^SgiStC^FfLTH 

f4, II2E1 2<^— ^^r*3v^T^st^s^-r5!eJll!^s*) 

[0 0 4 1] ^2®l 2tt*tt(r*fUTM'i>b 

Ya = f a X ©a 


• • • (1-2) 

[0 0 3 51 *fc, 

• • • (1-3) 
i-*3{t^:)t(Z)S*f:ft{c^#f4-g^>^/iV\ LA^L, 134 (D 

[0 0 3 7]o4!?, S t^{c:fcJt5?t©SW^€re, 
• • • (2) 

t{w/i5„ rcD»-^, :ai2ffii 2^Y-Zffirt (MA<r> 
[0 0 4 2] $e>{C, ^2ffil 2tt:)ttt{c^LTM'L>b 

[0 0 4 3] $?,tC»*L<i4, *#gPo"pMfttt^^lt 

4 ^S^i-SStDtfT'^^Ji < i: 1 1 ocoBoSrSFB 
^ L < «^ffiXf4M'L> UfclHlfe^|i^ffi(ii-5 r i: J: o 

[0 0 4 4] ^bT, *%P^<^*d63fc^3i?(c43VNT», 
*^^^*^^4^«^i-5ffi<?3fl^4^Sr. ^coBF*3SU*ffi 

*i-5g*ftBi: LTV^S„ ^Jx.J±'01«J;5 

:^f^ ^-g-tf ffiT' & 5 Y - Z E/45*t#ffi 5 J; 5 g * 
ftffii-f^C ifeSffi5(Dt^t>-?:OY- ZB^^tl^^ 

[0 0 4 5] /i*5, ^^ggfcJottSKttf^fflSrWt-SS 

mmiai. ±R^m. 57-3— hs, ^^Siis^tB^ 

[0 0 4 6] tC^T'. ^Jx-ffHlOi 5*BBg(^ife* 
• • • (3) 


1.\ 


(7) 


11-84291 


Yb = f b X sin-i0b 
ncSf-arcs in 0 WttSrSSSi- 5!£i>ilz)Sfe5„ 

[0 0 4 71 rti.e>coj»-g-, 5 ±<Dmm^^£i^m 

SrY (JilHYa XttYb ) i: U 3 0(if6]:ft <^ 0 

(JiiEflaXttflb) tL, **)t^3g^ 4 <Oj*;SBgil| 
-10<L<10 

-5<L<5 

[0 0 4 9] 

^fi■r5^^^fe^Jc9^^!ic/^•7;^-^^;*3v^T^i, ^1 ic;^ 

■t-J:5{C. *^^^mT-4(OA«ft2 0^^^3^<^J!g,d^ 
tUr. 3t«l2 1 ^ife^ffi5 0^^cf3<i:>i:AA*tt2 00 

2 0'p.b%:m'9. *ilSiJ5jt=e^^^4(cJ;oT^^3ft^f 
^*t5ffirt<0;^nS]^Ytt:*rr&j, ztt, YWicil^UAW 
1^2 0cf-L>Sril5:^[pI^SrX«i:*r|6ji:L, Alttt2 0*-e> 
*^3t^*T-4(-(6]y!)^5:^(6]^Ztt<^iE:^|6], 3fel*2 1 

■i^hm2mi 2ici:^Km:^\^tRm:^f^^Yf^^jE:^ 

[0 0 5 0] ^LT. ffi'L>;5S4-x.^>^XTV>5ffi};ioVNT 
«, •?:<^te<^ffiISffie«?*«?fe#^^4(?5/l^T-fe5A 
*ttt2 0cDit>-iLsd^t>©xtt:^f6], Ytt^^pS], zWi^^rPiw 

^'ffi(c-^v^T«. -?rti.-t*tvffil50 (a) (c) ^(D 

(^iv^Ha. V (° ) ) i:^s^^^,nTV^S„ 

UTcoS^tUHl »? Sr, y <Z5iE{iZt(&(;oiE::^l^{;i^Ur« 

[0 0 5 1] S*ftSS05T^^/U7-r s/i^ffio? 

mm-±mm(r> (a) (c) S;f;iJ;9-^x.P>H-5<, 

Jli'f^iiov^r^±. (&ft5 8 7. 5 6 n 

[0 0 5 2] *Jgf!ll (OjfeS?t^^C0)tfft2 1 Sr^ifY 
-ZgffffililSriai Sfc, Slife^aj 2 ~ 5 cDjta?fe 

#*<o3ttt 2 1 sr^tf Y - z mmm^^ti^imm 2 ~ig 

A#te2 0ja^|;iSBtt$it-5Ml«]?S3-efc-5^y 
V- (*Jfe0ij3~5) &-5V^fi;<;V^/^y $ 7— (HI 
2) , ytmi. =«!J^-i?-2 (01) 


• • • (4) 

(±12 f a f b ) tU, #«^i«ICt3tt5*tfei« 
^Y' iL, 

L= { (Y' -Y) /Y) X 1 0 0 

• • • (5-1) 

[0 0 4 8] 

• • • (5-2) 

[0 0 5 3] HiitftJ 1 ~ 3 (^^^^^^^^ 4 cDH^co^ 

1 ffi 1 1 ^mx^^m^4\cAH \.tcA^m 2 

0*^P>O3ie«, ^2fSl 2T'S#tU> jgiiffiT-ifeS^S 
El 3iSrSiiSL,T^te^*^^4A^e,tttilbT, ^^ffiSJ; 

Tli. SlSll. ||2ffil2, ^3ffil3*, HtrfBit 
(a) T*^$tb5i*ftffi*^C5/£(9, ||M'plJ3{r*5^^T 
tt. miffill««ffi, ^2E12ttSt[|E^ (c) T'* 

[0 0 5 4] ^Jg^sj 4 ~ 5 (D^^^^m^ 4 (D^Mnit 

mm^\t. A*ftt2 0(c^(R]bTig.L>iea:$tL7tJSigs 

T-fe5»flffil lS:Sr^^l!l^4{^AWL-fcAltl«2 
0d^P>(D5t«. ^2851 2T-H#tL. SW®T'$>5||3 
ffil 3T*SMSrbTS:?>'^2ffil 2{;^A«L. ^c^ESr 
^iilLT^^m^^4*>e>MmbT. ^^ffi 5 _hic.fi (63^ 

Il,l|2®12.m3ffil3*. Hfifext (a) T-^^ 
*xSiSttffi*^e>/i!9, |IM^!)5IC*5^^T«, ^ItSl 

IttmrlBS; (c) T?*$tl/5T:h^/i'7^- s/^ffi. :^ 2 
El 2, USB 1 3«MfSS; (a) -C«^^^•5e*ftE 

[0 0 5 5] ^i*3. r4xe>*M^J<D^^^t^^<07"u-fe 
y f -0#tt$>SVN«:f - a r c s i n 0 

^ttiCOVNTtt. HM^aj 1 fi#^7=- W'-fe >- M; J/ T f - 
0 I^Jg^J 2 (i^Nv^ U'-lr >- M; 5/ T' f - a 

resin 0#ttSrWb. HJS^J 3 U-fe V h y y 

^■Cf - 0#14<Sr*L,, 5IJfe«aj4tt7^u-fe>h y -y^T* 
f-e#tt^*U, IIJfS«aj5«#7^U'-fe>-hy s'^T-f 

- 0#tt«r*i-2.'b<^T-$>>9, llig^?iJ4(cjo^^Ttt, * 

^E 5 %(i:>im<r>-^'im.m.-^n.±y ^ ~/u K^;l*3v^T i 
[0 0 5 6] mmm 1 ~ 5 ^w-mn 5 0 

° , Sac®:ft5 0° , ttS«2mmT-ab5<, |8:tf 
{C*3tt5J^fttt7 8 Omni: L•TV^-5, Lfc^JSoT, 
i"53t^14«gfflMffi (ia6~|gi9) t^-'OStSTfi'oT 

[0 0 5 7] fiiTtc, _h^3yg«BJ 1-5 <Dmmy<y ^ - 


WmW'l 1 -8 4 2 9 1 


mm 


[0 0 5 8] 


i[l] 
lftftffi[2] 
lSftffi[3] 


C5 -4.8016X10-4 
Cio 4.9016x10-4 
-8.7250x10-6 
C21 -1.2531x10-6 

C5 -2.1158x10-3 
Cjo 7.8968x10-5 
C16 -1.9478x10-6 
C21 -9.0602x10-8 

C5 8.2367x10-4 
Cio -3.6856x10-5 
C16 -5.4732x10-6 
C21 -8.1585X10-8 

X 0.00 

a -8. 87 


C7 

C12 


8. 6980x10-3 
5. 2440x10-6 


Ci7 -5.7677X10-7 

S*ft®[2] 
Cj 1.0217X10-3 
C12 2.1179x10-7 
Ci7 5.2871x10-9 

ifeft®[3] 

C7 1.2107x10-2 
C12 -8.9385X10-6 
Ci7 1.0573x10-8 


1. 5254 
1. 5254 


1.2913X10-4 
2. 0718x10-5 
-1.0466x10-6 


Cg 1.7242x10-5 
Ci4 5.4927x10-8 
Ci9 -1.7131x10-8 


Cg 5.7483x10-5 
Ci4 -2.3857x10-5 
Ci9 -2.9250x10-7 


Y 3. 
P 0. 

Y 8. 
0. 

®^i:^(3) 

Y -8. 
)3 0. 

Y -57. 
P 0. 


mmm2 


X 
a 

X 
a 

X 


0. 00 
36. 71 

0. 00 
72. 89 

0. 00 
69.94 


96 
00 

55 
00 

89 
00 

58 
00 


Z 
y 

z 
y 

Z 
y 

Z 
y 


11.58 
0. 00 

17.54 
0. 00 

15. 75 
0. 00 

2. 75 
0. 00 


mm 


1 
2 
3 

4 


00 (tt) 

a ft*® [2] 
a*ttffi[3] 
00 


Cs 7.0640x10-3 
Cio -3.6911x10-4 
C16 -6.2808x10-6 
C21 -9.7690x10-9 

C5 -2.0850X10-3 
Co -5.4542x10-8 


C7 

Ci7 


S*ftffi[l] 

1. 1622x10-2 
-9. 5686x10-6 
1.8902x10-7 


«'L>(1) 

«^lL>(2) 
fi'il^(3) 

Ci9 


1. 5254 
1. 5254 


-1.7099x10-4 
1.4307x10-5 
2. 1324x10-7 


S*ftffi[2] 
C7 1.6281x10-3 
Cio 1.0378x10-4 


56.2 
56.2 


56.2 
56.2 


Cg -1.4776x10-6 
Cn 6.4851X10-16 


m.1 


(9) 
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[0 0 5 91 


10 0 6 0] 


Ci2 -2.0248x10-7 
Ci5 6.5567X10-16 
Ci8 1.5995x10-15 
C21 -4.9969x10-8 

C5 1.2827X10-3 
Cio 1.4157X10-4 
Ci6 5.4968x10-7 
C21 -1.0820x10-7 

te>L^(l) 

X 0.00 
a -9. 51 


Ci3 6.4465x10-16 
C16 -6.4314x10-7 
Ci9 2.4451x10-8 
C22 4.7328x10-16 

S*ftE[3] 
C7 1,1672x10-2 
3.9063x10-6 
Ci7 -1.9431x10-7 


Ci4 3,0770x10-6 

Ci7 -6.2432x10-9 
C20 -2.2270X10-16 


Ci4 
Ci9 


3. 2122x10-4 
8. 1477x10-8 
-1.5782x10-7 


X 
a 

X 


X 
a 


0. 00 
45. 95 

0. 00 
77. 67 

0.00 
103. 09 


Y -9. 
i3 0. 

Y 7. 
0. 

^B'L^(3) 

Y -15. 

e 0. 

Y -62. 

0. 


59 Z 
00 y 


13. 31 
0. 00 


66 Z 21. 11 
00 y 0. 00 


45 Z 
00 y 


51 
00 


Z 
y 


27. 92 
0. 00 

35. 89 
0. 00 


mmms 

1 
2 
3 

4 


37. 06 

00 


m»L<X) 1.5254 

^S^iL^(2) 1. 5254 
<S'L>(3) 
fi^L>(4) 


56.2 
56.2 


Rx 

Ry 

R 1 
P 1 


-573. 99 
-754. 83 
0. 0000 
0. 0000 
4. 8872x10-12 
2. 4417 X 102 


R 2 1. 8474 X 10-8 
P 2 -1.9898x10-1 


X 
a 

X 


0. 00 
-8. 18 

0. 00 
30. 17 

0. 00 
69. 77 

0. 00 
62. 16 


Y 0.43 
P 0.00 

®>^(2) 

Y -3. 62 
18 0,00 

Y -13. 65 
& 0.00 
ffi'l>(4) 

Y -42. 39 
& 0.00 


5. 27 
0. 00 

20. 11 
0. 00 

23. 68 
0. 00 

-4. 98 
0. 00 


(10) 
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10 0 6 1] 


1 

2 
3 
4 
5 


SftftS[2] 


M'iL>(3) 
ffi^iL^(2) 


1. 4922 
1. 4922 
1. 4922 


Cg 1.3216x10-2 
Cio -9.7410x10-5 
Ci6 1.7210X10-7 

Cs 1.7556x10-3 

Cio 1.0257x10-5 
Ci6 1.0858x10-6 
C21 -9.7945x10-8 

C5 6.7166x10-4 
Cio -1.7089x10-4 
C16 -1.4930x10-6 
C21 -3.5606x10-8 

X 0.00 
a 2.61 


C7 


Cr 

Ci7 


C7 
Ci7 


g*ftS[l] 

1.0983x10-2 
2. 8685x10-6 

g*ft®[2] 
1.4101X10-3 
5. 8539x10-7 
-2. 9119x10-9 

gftftffi[3] 
3. 3358x10-3 
-1. 9431 X 10-6 
-1.3440X10-8 


Cs 1.8434x10-5 
Ci4 3.3720X10-7 


Cs -2.1040x10-5 
Ci4 1.2612x10-6 
Ci9 -5.8219x10-8 


Cg -1.3144X10-4 
Cu -4.1346x10-6 
Ci9 -3.1193x10-8 


X 
a 

X 


X 
a 


0. 00 
47.74 

0. 00 
54. 76 

0. 00 
55. 78 


Y 3.14 
P 0.00 

M>6(2) 

Y -7. 26 

0.00 

Y 0.19 
/3 0.00 
ffi'iL>(4) 

Y 9.86 
i3 0.00 


Z 
y 

Z 

Z 
7 

z 

y 


12. 61 
0. 00 

38. 60 
0. 00 

-0. 17 
0. 00 

48. 85 
0. 00 


57.5 
57.5 
57.5 


mm 


2 
3 
4 
5 


00 m) 
esAffi[i] 

g*ft®[2] 


Rx 
Ry 
K. 
K, 
R 1 
P 1 


51. 22 

52. 01 
0. 0000 
0. 0000 

5. 7849 X 10-7 R 2 5. 5372 x IQ-^ 
-1.2561 p 2 -3.0154x10-1 

gSflffiCl] 


ii^^(i) 


1. 4922 
1.4922 
1. 4922 


57.5 
57.5 
57.5 
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1.5917x10-3 C 

7 

Uo/1 X lU ■* 

Cs 

2. 9993x10-5 

^10 

1.0611x10-4 C 

12 

C 11 OC NX 1 n-7 
D. llZD X lU ' 


3. 3450x10-6 


2.1509X10-6 C 

17 

/79o X 10 


-1. 0444 X 10-7 


-1.4947X10-7 












^5 

1.6642x10-3 C 

7 

5. 6364 X 10-3 


-1.0328x10-4 

Cio 

-1.3112x10-4 C 

12 

4. 9940x10-7 

Ch 

-6. 1522x10-6 


-2.1597X10-6 C 

17 

1.3701X10-8 

Ci9 

-2. 4901 X 10-8 


-2. 4620x10-8 
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A 

0. 00 

Y 12. 25 

z 

5. 93 



a 

-8. 61 

/3 0.00 

y 

0. 00 



A 

0. 00 

Y -9. 46 

Z 

25. 31 



a 

50. 13 

/3 0.00 

y 

0. 00 



A 

0. 00 

Y 1.52 

Z 

-3. 06 



a. 

54. 76 

& 0.00 

^S>L^(4) 

y 

0. 00 



X 

0. 00 

Y 16. 47 

Z 

53.58 



a 

37. 94 

& 0.00 

y 

0. 00 
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[0 0 6 23 |§16 
tt^^i-„ 111 (a) (r«x;&-r6], la (b) Jc:ttY;^|6](0 

f -0#tt*^LTV^S„ 117 (a) , (b) fCllJS'glJ 
2(D f - a r c s i n m (a) (-«X5^ 

|6J. m (b) JCf4Y:^r^(D f - a r c s in 0#ttSr^R 
UrVH^. ins (a) , (b) {C*i6^9j4cOf-0#tt 
^^■f-. m (a) {cttX;^(6j, m (b) fw«Y:ib^(^i]CO f 
- 0#'tt^^LTV>-5<, Sfc. 1219 (a) , (b) {CH 
i£#iJ5cD|^«|cc>f - 04#^4*^bTV^S<, Cti.f>»lll(c 
i3V^T, ttittJilfeigJY, i|gEiftti« (5-1) T♦-^;te>^^5 

[0 0 6 3] mi 0{c||M«sjl(D^®rtft^^> H 

1 1 \^^&m 2 O^feffijlStt^, El 1 2 (cHig^J 4 ©ifecS 

>^ * 013 \z.mm.m 5 <©^ffi?^* S:^;h,^tt^-f-o 
r^^P><D(l|{rfcv^T. ^Ifttt^iSY, iifttid::?;*--;^,^ 

fitaT'$)9, □A<&^.SiSi8l«Y;br|^7;i— ;?7^^, O 

[0 0 6 4] ifc, mi 4~|gi 6fw5IJfe^l<0«iRSi 
mi 7~|2I1 9t;i||J£^j4ro^iRi|^^i-„ -^^.P^ 

[0 0 6 5] iJ^±<»5^ffi^MjC);^^pj(Cj;5^5g^^^{- 
^3V^T^i. 4&«^-r'5Soj^:l^^, ^ay 

iSr loco;z^:t1-S ift^ffit LTV^5t>©*s&S (SIJS 
«^J1< 2, 4, 5) „ rtttt. «r!|;t{l*mi<©J:5{-M^ 

■i-tfSTfe S Y - Z ffi*s?sf«:B t ite 5 J; 5 'S: i * i: 


[0 0 6 61 m2 0(C. 


--^t--A7°yv^ (LBP) (;iigffl U7t»-g-<^«^i2I 
S:*-f"» ^m^03fe2Sl;5^^*faib3 y ^ — ^— 2{cj; 
^TBSTfifitt/jrofc^y (mi#M) tt. ^ 

T'iBlR] $ ttfc^tiStt^^^^^^i 4 J; o T^SM 5 

{-2?*:5£jii^SrS#jatf^-g-{rfi. mx.i-£. ±mvfcm 

^;:iS^i-5®l^^c-(B^S]$•ti:5IS2<o®l^^]S («sjx.ii\ ^ 
id 5 7-) ^mm-t?>:it-c-sjmi:f£?>, /^*5, r<D^ 
{^fcV^T, ^5g^^^^^4tt. «3Jx.{±*lll4(DJ;5/<C^(»J 
^ W-fe V ^ y 3. iS- ;i^^^T-$> (3 . tiffin tt^ffi, 
S**f^ffli:iSiSf^ffl5r#-t-5t5T-*>5|5 2ffil 2S0?S 

[0 0 6 7] m2 1 (v:sg;z^i2,;9.iig m^it. ^^^-r 

-) {-*3S?^«Z)jfe*3fe^3SSr5ifflLfc»-^(D«^|lISr^ 
ii^ix, d<y =^v^:^^r:^-3T♦ffi|^i]$^^Tl:^|fiI{c:ii 

Mt/t^^m 5 2 J: o TifcMtiis& 5 3 izm^tixmm^ 
[0068] m22(c:2 Ajimmz>fti;t;i^tcm-^<Dm^ 
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[0 0 6 9] i^^tc. *^PJcD*S*^^>Sr®^**gB 
f^igffl Lfc^^co 1 «C0«^E1^|1| 2 3 , 

C> (OS^mi -^(r o T > h n ^ ^ i o T^ii ^ 
*«:#tWi-^^aS<!r LT. SMfeR, G, B 
») COU— rfe^V^^tLED 1 R, IG, 1 B#^gBg 
-f-^o 3i©fe<^:7fe2^1 R, 1 G, lB^>h(Dytn:=i]) y 

7- 7 J: oTi^ttfcr ^-r ^ h ^nr i 

Mf^S (la^^T. 1112 2 #M) i^ioTigf^^tt. ^ 

x^^^^m'^4(Dmimi m^^^AM^^^ ^^^^ 

1 sxR^L^x. '^m^m2mi 2xmm\^xmmi.. 
'pmm&m4o\zmm^ti^^^ i ^mxih^^mm^ 

i^mxmm±\zi^^^^:6^bx\ ij:±vfcmm^m 
m^^ztt^x^^, rrT% m2 siz^vtcmmt^^ 
^6k i^xit^ ^mmAttm^i^i^m^ 8-31382 

9-i-T^*bfc3o(0:)l^^ffi6 1-6 3Xmt.ritcm9r 

stt^-^. »:v^^. mmm.(Dm2m6 2x\^^Rm^ 
^mimime i ^rnxm^L^yt^m^imm^^. 

[0 0 7 0] 7^*5. 1112 3oias^c^3v^T, ytm\ciik 

[00 7 1] Sfc. m2A\Z7r^^^o\z. 1 
lo-fo>g^ff2oJcL. <glRlS3cD2ooSWEf;i|^^ 

1 oo (tt) 

2 iSftS[l] 

3 g*ftffi[2] 

4 g*ttffi[l] 

0 5 4.7905x10-4 
CIO -3.2531X10-4 
C16 4.2178x10-6 


bK^hz.tx\ loco^gf^f]^3^c±oTM^#o^^ig 

[0 0 7 2] m2s\zm2 3\zmui^tm^m7r^mw:(o 
^umjm^^^^. fc/fu. ^Mi;6^e>^2ffif^ii3i 

Tfi|112 3(^^'g^<Jr|WI^Tfe'5fci6. HI^ LTV^/^v^o 
*^*^*^4 0AI*a2 Offig«C;jf y 

v>Ji;S7Vw^V ^ ^-;5-?>/j:5^2^Bf^^]^3;05gB«^i^. 

4C0^1®1 l;6^^AlfL. ^2ffil 2TrtS|5Slt$ 
tb, ^3B1 3T*St*$iXT. ^*(m2ffil 2Xmif\ 
LT*mib. 4^P«mffig4 Ofc:m^^i^-5-<# i2>:>g|T 

h^^mm^jfmir:5o ^(^^mi^i^^^i^xi^yt^m 

fl. 1112 3(DJ:5{::^4^J^m^^JF^^t*6^'^(cM:-< 

i^. ^ttimA^mx^its^m^s- 31332 9-^xmm 
\^'ft3-D<D^^me 1-6 3xm^thrcmifr^^^i ^ ^ 

[0 0 7 3] m2 5<Dmmm\z^\^x. ^^it^m^-A 

^^^^Jx.^i*^^S^!l4^c^L/^:t>co^ffiV^TV^5fci6. ^<D 
^^6 0lg^yN-^^-^^^-t*o fc^^fU. •^cDm3®6 

>&^?>»f'ra^ffi4 0*-eoa&^i»iiia;fcJ:oT^LT*> 

'&4\<D^>t-^w^.^.ti.x\^^^^ :i<Dmmmx\^. mm, 
it^^Q<Dmw\^\^^m^^mf^\^x\^^f:L}sb. tk^iij 

:ft5 0° . SBiif:^3 8. 6^ . mmm,%4mmi:m^ 
[0 0 7 4] 


ffi^L^(l) 

ffi'L>(2) 1.4922 57.5 

®'L<3) 1.4922 57.5 

®'t<2) 1.4922 57.5 
'(B'i:>(4) 

S**ffi[l] 

07 -1.1555X10-2 0 8 -5.5074x10-5 

0 12 -2. 6285 X lO'^ C 14 2. 5769 x lO-e 

017 -8.2599x10-8 019 9.8187x10-8 
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C21 1.6093x10-7 

C5 -5.0708x10-3 
CIO -4.9564x10-5 
C16 -1.9738x10-7 
C21 -1.3733x10-8 

X 0.00 
a 0.00 


C7 

C12 

C17 


[[2] 

-8. 6294x10-3 
9. 0372X10-7 
-2. 1466 X 10-8 


C8 -4.6135X10-5 
C14 1.1106x10-6 
C19 -4.7149xl0-« 


X 


0. 00 
2. 60 

0. 00 
-23. 98 


X 


Y 0.00 
/3 0.00 

^^^(2) 

Y 5.90 
P 0,00 
{i'L^(3) 

Y -8. 27 
J3 0.00 
ii'L>(4) 

Y 27. 84 
P 0.00 


Z 
V 

Z 

y 

z 
y 


0. 00 
0. 00 

48. 09 
0. 00 

64. 68 
0. 00 


Z 

y 


0. 00 
a 44. 24 

[0 0 7 5] /^ib\ m2 5(Dm^m^mmi^. 4^r«m 

ct 7 ^mm(Diy COT* t> l^ltco^^^^f r t ft w 9 

10 0 7 6] &.±<D:$:^m<DM^^^^. ^^^^^B 
C 1 ] ^>?t < t JiTco 1 o(D^^:^\^{z 

it) locos#*3a^^^. ^'^S*f®flM^L>iR^^MiE 
[0 0 7 7] [2] />7^^< i:t.*^^^©_hTC0 1o 

^^(^:feVNT. mmyt^uu7(}^\ mt^xm (n) ^d^ij:^ 

t:^#VN (n>l) fflE®JcT?l^^$ttfc:/y 


57. 55 
0. 00 


[0 0 7 8] C3] />7S< thM^Mmm±X(Dl-:> 

fcmtffm (n) 1 J: D t:;^#v^ (n>i) mwt^m 


[0 0 7 9] [4] ±m [3] ^c:^oV^T. mFfB^S^ 
[0 0 8 0] [5] ±fE [1] ;!»^e> C4) ®{sm*^l 
[0 0 8 11 C6] ±12 Cl] /4^e> C43 (Ofsr*T,*>i 
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[0 0 8 2] (7] ±15 CI] A^Pj C6] (Omti-*^! 
[0 0 8 31 C8] ±^ [3] 3^tt C4] iC^oV^T> 

mkRmi^m%:m^wom^mT&i-^xoiz^ wis so 

Ya = f a X 0a 

[0 0 8 71 [12] ±m :i) A^h il 0) (OpJtl 

Yb = f b X sin-i0b 

[0 0 8 81 C13] ±15 [1] ^-e> [1 2] ©H^T. 
;6^ia{w*3VNT, Stri53fe**t^ffi±<0»«SrYtU. tJ 
-1 0<L< 1 0 

- 5 < L < 5 

[0 0 9 01 [15] ±i5 [1] ;d>e> CI 4] cofHJtt 
[0 0 9 11 [16] ±15 CI] /i^e, CI 4] ©{BjtL 

[0 0 9 5] C2 0] itm*-^^iiiL.tc^i,mf^m\c 
'tji:^fR]('^sr«[^-t-5©i«i]Si: mm^^M^ ^ * S 

WET-fcf?, HfrlEc75^/i< i:>b2ffi©4', ^>^i<itl 
[0 0 9 6] C21] ±15 C2 0] (C*5VNT. mfK* 

S^fe^^d, '>/^< i'b i::^(p)('*^<sf6]i-5<g|p]^t 
H^fi53tSr^*$•ti^5^^tgD^:©P^icgB«^;^^, i: 


[00 84] C9] ±15 C3] , C4] 3l« [8] ic 

V ^ -5 r t ^ijtiS: i: -r 5 jfe^^fe^*. 
[0 0 8 5] [10] ±15 [1] C9] cD^SItLd^ 

[00 8 6] Cl 1] ±m 11) A^lb (.1 0) (Disjtt 

i)^im\ztSi^X. mrsB:^^*t*ffi±<D^iii5rYa t 

• • • (3) 

WI6{i[6]^cD®|6]:^Sr0b t L, BtlB5^^g|5Mi^;^,^)ig 
... (4) 

mm(^m(Dmi^n^ 6 1 wi53t^a5M«o;^.AK«isr 

fi:U, #^i«f;i*3{t5*^i«SrY' t L, L = 
{ (Y' -Y) /Y} X 1 0 0 i 

• • • (5-1) 

[00 8 9] [14] ±15 Cl 2] iCj3V^T, 

• • • (5-2) 

f)^im\zts\,^x. mmm^M^mi-i2 9<7cx$>^zt^ 

[00 9 2] [17] ±16 [3] [1 6] OfBltl, 

A^l«ir*5v^T. mmM^Mmm<DmmizMi.x(oiSf^ 

• • • (1 - 1) 

[0 0 9 3] [18] ±15 [1 7] ^^:*3V^T, 

• • • (1-2) 

[0 0 9 4] [19] ±15 Cl 8] {C*3V^r, 

• • • (1-3) 

[0 0 9 7] C22] ±15 C2 0] C2 1] ('*3 

v^T, fltfi5C">^i< i: 1 mi-im^^Mm£^mmx$3 

[0 0 9 8] C2 3] ±15 C2 0] Xfi C2 1) {C*3 
[0 0 9 91 [2 4] ±15 [2 0] [2 3] cofsi 

[0 10 01 C2 5] ±E C2 0] [2 4] ®m 
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lOlOl] [26] ±IE [2 0] ;6^P> [2 5] <?5{5r 
[0 10 2] C2 7) ilB C2 0) [2 6] (Ofsj 

[0 10 31 C2 8) JilE C2 0) )6^e> [2 6] 

[0 10 41 C2 9] i^7m^h^\^\-i2^ymm. 

^^1^, l*-In]«-iifif-r?.^t'-Ai:/j;t)?t^^ffl^(CAW 

aDttSltSaT-fc *) , mrfEO'>/i < 1 1 2 ffiwcf', 'P^f£ < 

[0 10 51 [3 0] JhlH [2 9) {c:*3VNT, ttrlB* 

4*^3^f4. '>;i< 1 1 i:&fS](;i3t*<Si^nt-5Mr^SSt 

1 ffi«St=fffiT'& 19 , <a«^lffi«S*ff^ffltSiSf^ 
ffli:^Wi-5ET*&i9, mIIS<^'>;^^ < i: 3fficott>, /> 

[0 1 0 63 C3 1] ±fS [2 9) :s^f4 [3 0] 

[0 10 7] [3 2] ±15 [2 9] X« [3 0] {C*3 

[01081 [33] JilB [2 9] d^e, [3 2] 

[0 10 91 [3 4] ±IS (2 9] [3 2] »-(pJ 

[0110] [35] itmi)^ e>itw \^it±i)^u\^mz 


'>'^c< it i:^i6]ic^^^r^Gi-SMi^^i:Mie 
mxmf^^in. 't<n'Mi:< hh2mx'W^m^Mz.^m^ 

7i < t 't, 1 ffittS:#^®T'*) 15 , MiBcO'>/^ < i: t> 2 m<o 

4>, '>'fc< 1 1 1 m\^tfm\z.i^i.xm>h\^-k.t^msxih 

[0 111] [3 6] ±15 [3 5] ^i*5V^T, BtJlBjfe 

hsmxmi^^ix. ^<o'pt£<^ tii3mx'i^ji^^fitc^ 

1 MttSWB-e& 19 . ft&(0 lgBfiSW#ffli:i^igf^ 
fi< i:=i> lffifa3fe«(::*tUT«-tUfc#^®T-fc5r t 
[0 1121 [3 7] JilE [3 5] Xtt [3 6] Jci3 

[0 113] [3 8] ±13 (3 5] 3i« [3 6] <w*3 

[0 114] [3 9] ±.IS [3 5] [3 8] ©foj 

[0 115] [4 0] _hlS [3 5] ^^P, (3 9] (DM 

[0 116] [4 1] ±iB [3 5] /J^?> [4 0] CDM 

[0117] [42] _fciB [3 5] *^e> [4 1] 
2oT-fe>), *friS2ocDJfemtt-^ti.-?:-tUHlIfB*3S^^?K 

[0 1183 [4 3] ±m (.42) iz)i\.-x. mmm 

[0 119] [4 4] JifB [4 2] Xtt [4 3) {c*3 

v^T, mrf5^l^^^cAM-|-5^:*^*2o^r^sJ$^^,Tv^ 
[0120] [45] %mf)^ hk^m vfzitt^ui^m^ 
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4 1 

5 1 "ife^ilft 
5 2 • ••*3te3fe^5R 

5 3 --5feMW^ 

6 l -gBI*^^(7)^lffi 
6 2 "Sll3t^3R<Z5||2ffi 
6 3 "SBl3fe#»<7?^3S 


[0111 


^ 


■ ^ -•■^ OS 


OS 






ftotd 



(18) 


1 -8 4 2 9 1 


[11151 



(b) 


J 2. 

^— . 




— 1- 




field 





-1- 


• --Z- 



I 



p— — 




« Oi 





1 -2, 



:a): 


(b) 


[US] 


1 2. 

—U 



^ ^ * ' 1^ 

-as 

— 1. 

> as ^ 

— - •> 


fi»Ld 

1. 


% 0. 




as 

■ 2. 



1i«M 


[1119] 






— ^ 

Q5 



field 



\ 




1 — .-2. 



m \ 4] 


00250 1 


00250 

-oiusol 


--(KKSO 

OUOSSOi 


oozso 

-<1025ol 


-00250 

QOZSDi 

(aooV25.<f) 

OlOSSO 

-ODZsJ 


-00250 

Q0250i 

(o.oo*.aoo*) 

Q0250 


7a0rt 


1 -8 4 2 9 1 


[mi 51 


00250. (175 ^-47. 5 *> , 0LO25O 


-0j025OI 


KK)2S0 


QOZSO. (0i>0'*M75 . 00250 

-oozsJ ^ Lo.<aso^ 


ao2sc 


-Q02S0 



002501 ( 25.0", , Q0250 


-0(050 


[Hie] 


aQ250 ( aOO*. 17. 5") I 0.0250 


-0.0250 


Q0250 


(17.5^17.5') IQ02SO 


1-00250 


-Q0250 

OX>2S0, (US', 0.00*) |a025O 


-00! 


II 7] 


0JD25O, ( 25lO*.0.00') . 0.0250 


'-00250 -OJ02S0 


00250. ( 25.tfr25.0") Q02S0 

-oozsol 


E^SO^ ^ OjO2S0| 
50 -Q02Sol 


M)MO 

(aOC«*.-25.0*) |Q025O 


Uxozso 


Q02S01 

QMSOi (0.00*. 0.00*) iQOZSO 


-ao; 


l-a0250 


II 8] 


mi 9] 


t^250j (17.5*.^7.5*) |QO250 
I-Q0250 


UU2MJ| 

-OiMSol 


00250, (0.00^,-47.5*) ,00250 


-010250 1 '-QCZ50 
00250, (aOO°. 2SlO*) I Q0250 


-002! 


00250 


3(aoo . 2&l0*1 I ao25o 
'-Q0Z5O 


-002301 


(25.0°. 25l0*) 100250 


j 00250 

Lfltoeso 


12 0] 





(20) 


1 -8 4 2 9 1 



IEI2 5] 


